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Above is a coaxial circuit 
crystal in its glass enclosure. 
At right the crystal 1s shown, 
3% times actual size, with 
connecting wires soldered in 
position. Weights on wires 
reflect energy back into crys- 
tal, so cut losses. 


How would you solder a wire to a 
crystal? This must be done for most 
of those wafer-thin plates of quartz 
used in electrical circuits. They play 
a big part in the myriad-channel tele- 
phone system that utilizes coaxial 
cables. 


This is how Bell Laboratories sci- 
entists solved the problem: A spot of 
paste containing silver is deposited on 
the crystal and bonded to it by oven 
heat. The crystal is then vapor-plated 
with a thin layer of silver. Then a fine 
wire is soldered to the spot by a con- 


centrated blast of hot air. The result 


BELL TELEPHONE LABORATORIES 


EXPLORING AND INVENTING, DEVISING AND PERFECTING, FOR 
CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 


is a rugged electrical connection to 
the surface of the crystal which does 
not interfere with its vibrations. 
Sealed in glass tubes, the crystals 
are precise and reliable performers in 
the telephone system. Each is a crystal 
gate to a voiceway, separating your 
conversation from the hundreds of 
others which may be using a pair of 
coaxial conductors, at the same time. 
This spot of paste, this tiny wire, 
this puff of air are among the tremen- 
dous trifles which concern Bell Tele- 
phone Laboratories in finding new 


ways to improve your telephone service. 
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A New Multiple Unit Muffle Furnace Featuring 
the Greatest Advancement in Laboratory 
Design During the Past Decade 


OR many months, Hevi Duty engineers and technicians 

have been designing, perfecting, and testing a revolution- 
ary new design in Laboratory Furnace construction. Today, 
these furnaces are coming off the production line, ready for 
delivery, to set new performance records for you . . . with 
more efficiency and greater economy than ever before. 


These furnaces have been designed for general labora- 
tory requirements such as drying of precipitates, ash de- 
terminations, fusions, ignitions, heating metals and alloys, 
enameling, heat treating, and experimental test work. 


Departing from the usual rectangular shape, the new 
Hevi Duty Muffle Furnace is housed in a cylindrical shell 
mounted on a pyramidal type base with practically line con- 
tact between them .. . allowing for free circulation of air 
and eliminating trapped heat in the base. 


For complete details, construction, and specifications, see 
your Laboratory Supply Dealer, or write for Bulletin HD 0141. 


TRADE MARK 


LABORATORY FURNACES MULTIPLE UNIT ELECTRIC EXCLUSIVELY 
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DUTY ELECTRIC COMPANY 


NEW 


Instruments and Con- 
trols operate at ap- 
proximately room tem- 
perature there is 
no trapped heat. 


As a result of correct 
insulation design, you 
can shift rapidly to de- 
sired operating tem- 
peratures. 


Reversible.and easily 
replaceable Multiple 
Units, time-tested for 
30 years, have been 
retained. 


36 steps of control 
through a Hevi Duty 
Tap-Changing Trans- 
former allows maxi- 
mum flexibility of con- 
trol, 


Controls are mounted 
in a recessed position 
for safety and aft cor- 
rect angle for proper 
vision. 


Rear panel is remova- 
ble for access to termi- 
nal board. Release of 
front panel permits 
control assembly to 
slide forward. 
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HIGH STRENGTH LOW ALLOY 


STEELS containing NICKEL 


Reduce Weight... 
Increase Durability 


Excellent mechanical properties characterize 
high strength low alloy steels containing nickel... 

Steels of this type provide high strength in the 
as-rolled condition, and sheet gauges may be 
cold formed into structural panels that assure 
maximum weight reduction without sacrifice of 
strength or safety. 

They provide good toughness and ductility 
at both room and subzero temperatures. More- 
over, by resisting abrasion, erosion and many 
types of corrosion, these steels help substantially 
to lengthen equipment life. 

Although primarily developed for use in mo- 
bile equipment . . . for weight saving and corro- 
sion resistance . . . low alloy high tensile steels 
are now finding application in many diversified 


THE INTERNATIONAL NICKEL COMPANY, INC. 
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fields where durability is essential to reduce both 
maintenance and operating costs. 


Moderate in cost, and produced under various 
trade names by leading steel companies, high 
strength steels containing nickel along with 
other alloying elements pay for themselves. 

A list of sources of supply will be furnished 
on request. 


YN 
see NL Ugeccmae: 
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Over the years, International Nickel has accumulated a fund of 
useful information on the properties, treatment, fabrication and 
performance of engineering alloy steels, stainless steels, cast 
irons, brasses, bronzes, nickel silver, cupro-nickel and other alloys 
containing nickel. This information is yours for the asking. Write 
for “List A” of available publications. 
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COVER: Tapping an open hearth furnace at the Edgar Thomson Works, Braddock, Pa. 
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FREE-CUTTING STEEL 
A new bessemer 


SCREW STOCK 


with proved machinability 
ratings as high as 170! 


e Backed by 50 years of leadership in the : standard bessemer screw steels and with 
field of free-machining, cold-finished steels. similar tensile properties. 


eProved by exhaustive field testing. Note the following equivalents: 


ed & L “‘E” Free-Cutting Steel is made _E-15 - equivalent standard grade, B-1111 
in three grades: E-15, E-23 and E-33, _ E-23 - equivalent standard grade, B-1112 
each within the composition limits of the E-33 - equivalent standard grade, B-1113 
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BETTER MACHINE FINISH 


Forty-five independent 
LONGER TOOL LIFE 


machine shops, 


throughout the HIGHER SPEEDS 
metal-working industry, 7 macHiNABILITY RATINGS 
have tested over UP TO 170 


6,100 tons of J&L “E” 


Steel in more than 
100 applications. AND COLD WORK 


These shops report: HIGHER MAGNETIC 
PERMEABILITY 


For 50 years J&L has led in the development of 
free-cutting, cold-finished steels—both bessemer h 
and open-hearth. Every new J&L steel introduced 
in this field has been a major contribution toward 
the lowering of the unit cost of machined steel 
parts. Now we offer you J&L ‘‘E’’, a bessemer grade 
steel with distinctly greater free-cutting efficiency. 


During the development of J&L “E’’ Steel, at least 
four years were spent proving its qualities, in the 
field, under a great variety of machining conditions. 
In the course of our investigations, J&L metallurgists 
have accumulated considerable data and a large 
number of case histories. Therefore, we say with 
assurance that J&L “E’’ free-cutting steel opens 
the door to new production economies you never 
thought possible. 


You will want complete information on this latest 
J&L steel development. Let us discuss the money- 
saving possibilities of J&L “‘E’”’ Steel with you. The 
coupon is for your convenience. 


Jones & LAUGHLIN STEEL CORPORATION 


BETTER RESPONSE TO FORMING 


All standard 
sizes and shapes 
are available. 


cn 


Jones & Laughlin Steel Corporation 
l 445 Jones & Laughlin Building 


| Pittsburgh 19, Pa. 


l | should like to have more information on 
J&L “‘E" Free-Cutting Bessemer Screw Stock. 
| Please have your representative call. 


| Name 


. Title. 


| Company_ 


Fram its own raw materials, PRINCIPAL PRODUCTS: HOT ROLLED AND COLD FINISHED | Moiice. 
J&L manufactures afull line of BARS AND SHAPES + STRUCTURAL SHAPES + HOT AND COLD | 


carbon steel products,aswellds ao icy stRIP AND SHEETS * TUBULAR, WIRE AWD TIN MILL J — 


Cer Td an eitscls). PRODUCTS + “PRECISIONBILT'” WIRE ROPE + COAL CHEMICALS } 


and jaLLoy (hi-tensile steels). 
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Below—or a Postcard—to Order Copies 


A IM E 29 West 39th St., New York 18, N. Y. 


Gentlemen: Please send indicated 
copies, check enclosed—or will be 
sent within ten days after receipt 
of books. 


L] Institute of Metals Div. Transac- 
tions Vol. 175 

Symposium on Stress Corrosion 
Cracking of Metals 


A Brief History of the Science of 
Metals 


Nonferrous Melting Practice 
Nonferrous Rolling Practice 
Combination of the two, above 
Seventy-five years of Progress in 
Iron and Steel 

CL] Bergwerk und Probierbuchlein 
[] Electric Furnace Steel Proceed- 
ings (specify volume number) 
| Blast Furnace, Coke Oven & 
R. M. Proceedings (specify vol- 
ume number) 


‘Open Hearth Proceedings (speci- 
’ fy volume number) 


PHOTO REMINDER 


We told you last month about 
the cover photo contest of the 
Journal of Metals—wherein all 
members and readers are urged 
to submit good photographs, re- 
lated to the metals field, that 
would be suitable for a front 
cover. This front cover is our 
store window, so to speak, de- 
signed to entice present and po- 
tential readers inside. So we nat- 
urally want a good display in 
that window. 

Specifications and_ tolerances 
for a good photo are: Not too 
dark overall, some good contrasts 
between light and dark, not too 
much detail. Naturally the more 
striking and unusual photo will 
elicit more interest than a more 
prosaic picture, but the latter is 
not to be ignored. 

The winner will receive a year’s 
dues to AIME for free. Any pic- 
ture used, if not the first prize 
winner, will entitle the contestant 
to any copy of the IMD’s sym- 
posium volumes. The contest 
closes Sept. 1, 1949. All entries 
will be acknowledged by post- 
card. Glossy prints are essential. 
All entries are the property of 
JouRNAL or MetAts. None is re- 
turnable. 

Send ’em in, please! 
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INSTITUTE OF METALS DIVISION TRANSACTIONS VOLUME 


AIME Transactions Vol. 175, 924 pages, cloth bound, including technical 
papers and discussions for the year 1948, is part of the regular AIME 
Transactions series and is now available. (Other available Transactions 
volumes of this and other Divisions of the AIME at this same price). 


Members.......... $3.00 Non-Members........-- $6.00 
SYMPOSIUM ON STRESS CORROSION CRACKING 
OF METALS 


A wealth of information prepared jointly by AIME and ASTM. 504 pages, 
cloth bound. 
AIME and ASTM members..... . $3.50 Non-Members. .. . . . $5.00 


A BRIEF HISTORY OF THE SCIENCE OF METALS 


By R. F. MEHL 


Written in a concise manner for a thumbnail but technical background 
history. 80 pages, cloth bound. Members and non-members. .... . $1.50 


NONFERROUS MELTING PRACTICE 


Includes papers and discussion on melting of nonferrous metals and alloys 

written by experts in their particular fields. 117 pages, cloth bound. 
$2.25 AIME members. Combined with book below...... $5.00 
$3.50 non-members. Combined with book below........ $7.50 


NONFERROUS ROLLING PRACTICE 


A companion edition to Melting Practice dealing with nickel and its 
alloys; copper and its alloys, zinc; aluminum alloys; magnesium alloys 
and precious metals. 237 pages, cloth bound. 
$3.50 members. Combined with book above............ $5.00 
$5.00 non-members. Combined with book above........ $7.50 


SEVENTY-FIVE YEARS OF PROGRESS IN IRON AND STEEL 


By C. D. KING, U. S. STEEL CORP. 


This is an historical survey of some of the major changes in production of 
coke, pig iron and ingots, with passing references to some of the economic 
and other changes that dictated such progress. The span of years covered 
parallels the life of AIME. 184 pages, cloth bound. 


$1502 members and non-members 


BERGWERK und PROBIERBUCHLEIN 


A translation of two sixteenth century books by A. G. Sisco and C. S. 
Smith. The first book is the earliest printed book on mining geology; the 
second, on assaying. The volume is sponsored by the Seeley W. Mudd 
Fund, as was “Pirotechnia,” now out of print. 


Members.......... $3.00 Non-members.......... $5.00 
ELECTRIC FURNACE STEEL PROCEEDINGS 


These volumes include the papers and discussion presented at the Annual 
Conference of the Electric Furnace Steel Committee of the Iron and Steel 


Div. Volumes 3, 4 and 5 (the last clothbound) for 1945, 1946 and 1947 
now available. 


Students*...... $3.00 Members...... $7.00 Non-members... ... $10.00 
BLAST FURNACE, COKE OVEN & RAW MATERIALS 
PROCEEDINGS 


These volumes include the papers and discussion presented at the Annual 
Conference of the Blast Furnace, Coke Oven and Raw Materials Committee 
of the Iron and Steel Div. Paper bound. Vols. 1, 5, 6, and 7 for 1941, 
1946, 1947 and 1948 now available. 

Students*...... $2.50 Members...... $5.00 Non-members...... $10.00 


OPEN HEARTH PROCEEDINGS 


These volumes include the papers and discussion presented at the Annual 
Conference of the Open Hearth Committee of the Iron and Steel Div. 


- Recent volumes are clothbound and issued annually. Volume 31 is for 1948, 


Available Volumes Nos. 2-17 Nos. 18-31 
Students* eng. akcra weine GL. OO seyseta crepes ae ae $3.00 
Members. 00... est... UTR Dea hhien ele dl = 7.50 
Non-members ........... 2.000 taal O00 


* In accredited U. S. colleges. 
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GUEST EDITORIAL 


C. DONALD DALLAS ® CHAIRMAN OF THE BOARD, REVERE COPPER AND BRASS, INC. 


THE LONG 


It is fair to say that short term rather than long term 
thinking has determined our attitude toward the essential 
non-ferrous metals. The nearest we have had to a na- 
tional policy is the theory or belief that domestic sup- 
plies of minerals such as copper should be used to the 
utmost and foreign supplies excluded, except in periods 
of patent inability of domestic supplies to meet the needs 
of industry and the armed services. 

As a symptom of the nearby view we might consider 

the tariff on copper. which is currently “suspended,” 
a temporary measure, to June 30, 1950. Reasoning on 
behalf of the tariff is that by such means domestic pro- 
duction is encouraged; we are helped to self-sufficiency 
and therefore to a stronger position in war as well as in 
peace. The fallacy of such a position has been, clearly 
demonstrated by events—through over-use of domestic 
reserves we have become not stronger but weaker; more, 
not less, dependent upon continued foreign production 
and supplies. In effect, we are well on the way to being 
a “have-not” nation in copper. 

It is possible to believe that domestic copper mining 
is essential, without holding that “protection” is essential 
for the industry. Here is where the long-term view is 
decisive. We can take this look into the future without 
entering the controversy concerning the adequacy of our 
underground reserves. Some authorities consider the sup- 
ply as sufficient for only 20 to 30 years, even with proc- 
essing of ores that are unprofitably low in copper at cur- 
rent prices. Others say that new ore bodies will be dis- 
covered and developed as needed. 

The copper mining industry, in the long run, can expect 
a greater demand for its metal than, can be met even by 
a substantially high level of domestic production. United 
States consumption of copper has been running well over 
1,300,000 tons a year, exclusive of stockpiling. To meet 
this need there is a theoretical maximum mine produc- 
tion capacity of 875,000 tons, which has not been reached 

because of interruptions such as strikes. The deficit is 
made up by use of scrap and by imports which last year 
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amounted to 500,000 tons of copper in various forms. 

In the past, copper consumption has been tied closely 
to the general level of business, as’ expressed in such 
figures as those for gross national product. The Twentieth 
Century Fund, in its thorough study of America’s re- 
sources. found that it would be reasonable to expect in 
1960 a gross national product of about $153,000,000,000 
(in 1940 dollars). On the basis of past relationships this 
would mean copper consumption of 1,600,000 tons in 
1960. A rather more optimistic calculation by Dr. Weiden- 
hammer of the Department of Commerce puts the con- 
sumption figure for that year at more than 2,000,000 tons. 

During the decade ahead we may expect a continuation 
of the extraordinarily high rate of peacetime expenditure 
on the armed services. The current budget of $15,000.- 
000,000 for the military means an undisclosed but tre- 
mendous addition to the amount of copper required for 
strictly civilian production, and there are few who dare 
to hope for any smaller military expenditures in the 
years immediately ahead. 

These are among the reasons why the copper mining 
industry can feel secure about its future in the American 
economy and why it need not rely upon a tariff for short 
term “protection.” The only circumstance that can upset 
these relationships is an artificially high price for copper, 
which would curtail the normal consumption, of the metal 
due to the encouragement of substitute metals which are 
in ample domestic supply. 

The independent fabricator of copper, not allied with 
a mining company, must be concerned about control mea- 
sures which would tend to divert consumption to substi- 
tute metals. Such an independent can as logically call 
for a subsidy to compensate for high prices as a mining 
company can call for a tariff to guard against low prices. 

Both will do well to ask no governmental protection 
but to be consistent in practice with the principles of free 
enterprise. There is no protection without control, and 
no control without regimentation and hence without loss 


of freedc.i. 
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Fellowship Dinner, Thirty-second Annual Conference, Open Hearth 
at the Palmer House, Chicago, April 19, 1949. 


and Blast Furnace, Coke Oven and Raw Materials Committees, 


Sulphur Elimination, Basie Lined Furnaces, Oxygen Discussed 


Reported by WALTER CARROLL ® GENERAL METALLURGIST, REPUBLIC STEEL CORP 


Ane those who are interested in applied sciences and 
who have been surfeited with the wonders of the atom the 
1949 session of the Open Hearth Steel Committee was a 
refreshing interlude in the hurly-burly of the daily chores. 
This three-day affair, at Chicago April 18-20, was a man 
to man, frank, and open discussion of the problems of the 
open hearth operators, without the use of a single integral 
sign. Nor was there too much indulgence in abstruse 
theories or mental gymnastics so dear to the heart of the 
mathematician. In putting down what transpired, the 
reviewer must limit himself to the space allotted to him. 
This is in spite of the fact that some of the most impor- 
tant. at least the most interesting, statements were made 
in the short, more unscientific Anglo Saxon words used 
during the extra curricular activities. The entire affair 
was well run and showed the results of carefully thought 
out plans. The few cases of straying from the scheduled 
path were natural consequences of vigorous comments 
during the discussion period. 

The plant visit, on the opening day, to the Gary Works, 
U. S. Steel Corp., was the oustanding event, well carried 
out. The visitors were politely and diplomatically con- 
ducted along the tour with plenty of time for the asking, 
and, what is more important, the answering of pertinent 
questions. It was as though the entire plant were open 
to inspection with nothing held back. This visit was a 
pleasure to the many men who in their past careers have 
worked at Gary, as well as those who are not “alumni” of 
the world’s largest steel plant. The family style dinner 
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was in keeping with the scale on which the tour was con- 
ducted. It is to be regretted that the weather man did 
not have better control of his department. 

The actual work of the Conference opened on Tuesday, 
April 19, with the General Session of the Acid and Basic 
Open Hearth Sections presided over by E. G. Hill, Wheel- 
ing Steel Corp., who, as Acting Chairman, welcomed the 
visitors to Chicago in general and to the Conference in 
particular. As is customary, the McKune Award paper 
was read at the session. This award, established in 1940 
in memory of Frank B. McKune, a long-time open hearth 
superintendent of the Steel Co. of Canada, Ltd., as well 
as a faithful and active pioneer in the work of the Open 
Hearth Committee, is given annually to the best paper, 
of not more than 5000 words, on open hearth practice. It 
involves a Certificate of Award, $200 cash, as well as the 
recipient's Conference expenses. To stimulate the younger 


engineers the award is confined to those not more than 
35 years of age. 


MeKune award paper 


The recipient of the 1949 McKune award was Theodore 
B. Winkler, Research Engineer, Bethlehem Steel Co., 
Bethlehem, Pa. His paper, on “Liquid Iron and Steel 
Temperatures in Practice,” may be best expressed in the 
author’s own words: “Platinum immersion thermocouples 
were used experimentally to produce information on 
liquid iron and steel temperatures at various stages in 
both the basic-electric and hasic open hearth processes.” 
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Dr. Winkler gave an interesting presentation of the resa- 
tive changes in temperatures at important steps in the 
refining operations, beginning with the iron as it came 
from the blast furnace, on through to the final steel ready 
to be poured from the teeming ladle into the ingot. ie 
Winkler, in describing the details of his apparatus (See 
Fig. 1), thought that “it may be well to emphasize that 
this pyrometer is not a fool-proof instrument: however. 
the care and judgment are not prohibitive.” 

Included in the paper was the following interesting 
tabulation: 


Temperature Variation of Hot Metal 


Maximum variation from cast to cast 2600 F to 2765 F 
Maximum variation within a cast..... Talo 
Drop from skimmer to full submarine 

transfer ladle ....... 100 F 


open-hearth mixer ............. eee. 40 F 
Drop in open-top transfer ladle during 

approx. 14% hr. transfer from blast fur- 

nace to open hearth mixer....... 80 F 
Drop from submarine ladle, through mixer, 

to open-hearth hot-metal ladle...... 140 F 
Maximum variation in open-hearth hot- 

metal eladles was 25s omic « ae 2375 F to 2425 F 


The McKune Award, with its personal honor, backed 
up by a substantial financial remuneration, is fulfilling 
the purpose of its establishment, namely to give the 
younger engineers the opportunity to take an active part 
in the work and discussions of the Conference. It was 
justly earned in 1949. 

With the completion of this General Session the mem- 
bers reshuffled themselves into the various sectional activi- 
ties that best suited their individual preferences. “Basic 
Open Hearth Operating Session I” devoted itself to the 


SOLOL@ED AND INSULATED 
COLO JUNCTION 


COMPENSATING LEAD wine 


IMMERSION THERMOCOUPLE FOR TEMPERATURE MEASUREMENT OF LIQUID STEEL BATHS. 


( SCHOFIELD - GRACE ADAPTATION OR CURVED THERMOCOUPLE ) 


Fig. |—Immersion Thermocouple for Temperature Measurem 
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“Problems of Sulphur Elimination.” At the same time 
the “’Acid Open Hearth Operations” were discussed by 
those more interested in that particular specialty. 

The afternoon sessions were divided among “Basic 
Open Hearth Operating Session Il” and the session on 
“Cold Metal Operations and Basic Foundry Practice.” 
Both sessions covered a wide range of subjects, each of 
which plays its important role in the industry. 

Wednesday, April 20, also had two morning sessions 
running concurrently. That on “Refractories and 
Masonry” included “Progress Reports on Basic Lined 
Furnaces, Mixer Linings and Roof Life vs. Silica Brick 
Quality.” The other session on “Metallurgy of the Open 
Hearth Process,” “Covered Deoxidation Practices” and 
the “Mechanism of Foaming (Slags).” 

The afternoon was given over to the “Quality Session” 
in which the discussion covered the various advantages 
and disadvantages associated with the different treat- 
ments of steel ingots and the subsequent products. An 
important part of this session was a paper on “Safety” 
by D. A. Farrell, Supervisor of Safety of Carnegie-Ilinois 
Steel Corp., who put his subject across with a novel and 
effective use of explanatory slides. 


fellowship dinner 


The social phase of the Conference was the Annual 
Fellowship Dinner held Tuesday evening. E. G. Hill 
tendered the customary presentation of a Certificate of 
Life Membership to the Past Chairman, W. C. Kitto, 
after which he conducted the formal presentation of the 
McKune Award to T. B. Winkler and presented Confer- 
ence Awards to Russel Fayles and Fred Jaicks. After 
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this “warm-up turn” the gavel was turned over to Harry 
P. Watt, Manager of Sales, Western Area, Carnegie- 
Illinois Steel Corp. Mr. Watt very graciously presented 
to the audience Clarence B. Randall, recently named 
President, Inland Steel Co., who conveyed to his listeners 
a very provocative message, the residue of which will be 
left in the individual minds of his listeners long after the 
rest of his talk has been forgotten. 

The papers, in Operating Session I, on “Problems of 
Sulphur Elimination” began with the “Desulphurization 
of Pig Iron.” H. M. Griffith gave a preliminary report on 
plans that have been laid out by the Steel Co. of Canada, 
Ltd., at Hamilton, Ont., to obtain low sulphur pig iron 
for steel operations. Then followed a careful description 
by E. P. Best, A. M. Byers Co., Ambridge, Pa., of the 
preparation of pig iron, for subsequent use in wrought 
iron, by the use of fused sodium hydroxide which, it 
was stated, is 95 per cent effective in the removal of sul- 
phur. In answer to questions from the floor, it was 
explained that this development is a continuation of the 
work begun by Edward B. Story in connection with his 
work as Chief Metallurgist of the A. M. Byers Co. 

The most stimulating part of the session was by H. E. 
Warren, Jr., Director of Steel Production, Homestead 
Works, Carnegie-Illinois Steel Corp., in his paper on 
“Sulphur in Basic Iron and Steel.” This paper gave an 
operating man’s viewpoint of data taken from 24 casts 
from blast furnaces operated arbitrarily to produce high 
sulphur iron. The data included analysis of pig iron from 
top to bottom of transfer ladles, kish, slag, as well as 
steel samples at all stages of production in the open 


hearth, and molten metal temperatures at significant 
periods. It is significant to point out Mr. Warren’s ob- 
servation that high sulphur was not produced in pig iron 
carrying a manganese content over 2.80 per cent. 

This factual report from an operating man’s viewpoint 
set off a chain-reaction floor discussion that can be termed 
quite vigorous. However, when the different viewpoints 
were correlated it became obvious that the various par- 
ticipants in the discussion were basically in agreement, 
namely: the limits for sulphur specifications can be met 
provided the necessary penalty is taken, either by the 
blast furnace, or the open hearth. 

A large part of the discussion centered around Mr. 
Warren’s final chart showing the total amounts of sul- 
phur brought into the furnace, but not necessarily the 
molten bath, by different fuels. As shown in the accom- 
panying chart, the fuels, with one exception, carry more 
sulphur than the charged material which was given a 
theoretical content of 0.080 per cent sulphur. (Table 1.) 

The interesting point about the Homestead operation 
is the cycling of the open hearth slag through the blast 
furnace, in order to pick up the otherwise wasted man- 
ganese, without the periodic breaks in cycling operations 
typical of other plants using similar operations. 

“The Effect of Cold Charge and Additions on Sulphur 
Eliminations” were discussed in companion papers by 
W. H. Carpenter of Colorado Fuel & Iron Co., Pueblo, 
Colo., and A. H. Osborne of Armco Steel Corp., Middle- 
town, Ohio. The latter gave strong emphasis to the im- 
portance of the rust content in the scrap used. 


Lbs Sulphur Fired with Fuel 
pees, tee seo: Lbs Sulphur 
| Charged per 
z | ; Per Net Ton Heat Using 
Shop | Average Firing Rate Per Hour Ingots Per Heat | .080% S. Iron 
O. H. #5 ADOC al Poul Mite wees 5. sates MOR eae ae 28.43 | 1.472 331 260 
O. H. #3 50,000 cu. ft. coke gas/hr................. 40 .44 7.264 540 72 
OD Heo re 25,000 cu. ft. mat. gas/hr.................. 0 | 0 0 60 
OFT 4s le ee USO) Gals Cai: en gee nee 15.01 1.447 171 
16,000 cu. ft. nat. gas/hr. - Ar 
eee ALUN Gils GMT aaoa ted doa awe do case takeatt 40.08 4.277 5 
30,000 cu. ft. coke oven gas/hr. ........... 3 a 
Be ae a UD eae OHM ih eam Lo meh vers GS hau oooh can. 12.00 1.156 
16,000 cu. ft. nat. gas/hr. casey ae a 
eh ae ZOO Sal OUAT! hah vi, «pene sana eine a lees 36.90 3.981 
30,000 cu. ft. coke oven gas/hr. ies pt ue 
Le Rbeiots URAC LaE/ NT Any ocr. « chase ook 25.31 2.37 280 132 
Gein Bal Alsi hie cia hy sd wma ee 20.21 1.89 222 132 


+ Assume production rate with oil is the same as tar. 
% Sulphur in Fuel Oil — .79% by wt; Sp. Gr. = 
% Sulphur in Tar 


959 A.P.I. @ 60° F = .06318# S/gal. 
— .78% by wt; Sp. Gr. = 1.216 A.P.I. @ 60° F = .079104# S/gal. 


HS in Coke oven gas — 5.67 grains/cu. ft. = .80877 # H28/1000 cu. ft. 
HS in Natural Gas — Amount of Sulphur is negligible and can be overlooked. 


Table |—Survey of Amount of Sulphur in Open Hearth Fuels. 
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An interesting tabulation was the analyses for sulphur, 
of both the base metal and the accompanying rust in 
different forms of charged scrap. 


Per Cent Per Cent 
Sulphur in Sulphur in 
Type of Scrap Base Metal Rust 
Mixed Steel 0.029 —0.035 0.14 —0.35 
Sheet Scrap 0.007 —0.018 0.31 —0.38 
Strip Scrap 0.010 —0.024 0.23 —0.49 
Bloom Butts 0.017 —0.027 0.32 —0.37 


It was shown that an appreciable amount of sulphur 
may be carried into the furnace with rust as the carrier, 
or, in other words, the greater the degree of rust the 
higher the melt-in sulphur. 


use of oxygen 

Operating Session II, held in the afternoon of Tues- 
day, April 19, included sectional reports on the “Use of 
Oxygen.” These reports varied widely from enthusiasm 
in those districts where the intensive use of oxygen has 
proven advantageous to indifference in other regions 
where the more casual application of oxygen has not 
been productive of significant results. It was shown in 
the reports that oxygen has reached a “plateau” in its 
application to steel melting operations. Additional oper- 
ating trials and further development await the increased 
availability of low purity oxygen on a tonnage basis. 

Sectional Reports were also given in answer to ques- 
tionnaires sent out on “What Is Being Done to Improve 
Scrap Quality and Better Prepare It for Charging.” This 
was led by H. M. Parker, Superintendent, No. 2 Open 
Hearth, South Works, Carnegie-Illinois Steel Corp., who 
commented on the importance of cutting the pieces to 
sizes smaller than customary during the past in order to 
increase the density and thereby the capacity of the 
charge box. 

The “Use of Blown Metal” was covered by S. J. 
Dougherty, Weirton Steel Co., on its use in stationary 
furnaces, and by S. J. Creswell, South Works, Carnegie- 
Illinois Steel Corp., who traced quite carefully its use in 
the tilting open hearth and its temporary deficiencies dur- 
ing the recent high demand for large tonnages of steel 
with low residual alloys. 

The morning session of Wednesday, April 20, had for its 
highlight a presentation by B. M. Larsen, Supervisor of 
Process Research Metallurgy, U. S. Steel Corp., Kearney, 


N. J., on the “Mechanism of Foaming” which included 
“some speculative ideas with the hope of stimulating dis- 
cussion and, possibly, some new ideas.” The author's 
hope was fulfilled. To say that discussion was stimulated 
would be an understatement. The prepared comments 
from the rostrum and the impromptu discussions from 
the floor which were quite vigorous may be condensed to 
the brief summation in the statement that whenever an 
open hearth furnace operator is confronted with any 
sudden emergency, such as a foaming slag, it is necessary 
that he do something and do it quickly. He has not the 
time to stop and philosophize regarding the precisely 
correct action which he should take. 

Also the morning of Wednesday, April 20, was the 
session on “Refractories and Masonry,” carrying a care- 
ful review of “Basic Lined Furnaces.” 

In the first paper A. K. Moore reported on the all- 
basic furnace at the Hamilton, Ontario, plant of the Steel 
Co. of Canada, Ltd., who, having completed campaigns 
on five basic roofs, are now operating the sixth roof. 
After explaining the changing conditions of scrap and hot 
metal situations Mr. Moore presented as a summary a 
table giving the main points of production and cost of 
the first five roof series as well as the available data on 
the sixth roof now in operation. (See Table 2.) 

The use of the oxygen lance during the sixth or cur- 
rent campaign, to promote lime boil or for rapid carbon 
reduction on high carbon heats, has brought out the 
ability of the basic roof to withstand high fuel rates with 
a resultant increase in the tons per hour spread between 
the all-basic and the silica furnaces. 


all-basie furnace 


M. F. Yarotsky contributed in his report, presented in 
absentia, data on the all-basic furnace more recently 
installed at the South Works, Carnegie-Illinois. This 
paper covered in detail six points: 

(1) Stability of Basic Construction—With the existing 
differential in cost, the performance of basic brick to be 
competitive with silica brick in the main roof of the open 
hearth must be improved, not only as to type and quality 
of refractory but also in the methods of construction. 

(2) Production—Since conversion, the all-basic fur- 
nace has produced 13 per cent more than the furnace 
average of the shop. 


| Ton. | Avg. | & Inc. | Inc. | Total | and | Dec. | Dec. | Total 
Total for Ton. Dif asic Roof | Fuel | Inc. | Back- |Fluxes| Fix Dec Inc. | Dec 
Roof; No. |Cam-_ Sil, in |Above| Cost | Cost | Cost | wall | per | Costs | Costs ;—-——|—-—— 
No. | Heats | paign Fe Ton Si /Ton.| /Ton | /Ton | /Ton | Ton /Ton | /Ton | C/T. | C/T. 
{ 

Te At 33k 60625 | 52020 | 8605 | 16.5 | $.373 | $.099 | $ 472 0 $.006 | $.264 | $.270 | $.202 

2 381 69353 | 60024 | 9329 | 15.5 .282 .091 .373 | $.030 .006 .220 .256 jliley Re 

By i) Sey 62186 | 55471 | 6715 | 12.1 .215 .090 | .305 .025 .009 .200 .234 .071 oe 

4 | 479 | 86700 | 78238 | 8462 | 10.8 .126 .080 .206 .025 .006 .180 211 sous Weseehs 

5 465 | 83240 | 78214 | 5026 6.4 166 | | .214 .380 0 .006 .159 .165 .215 sere 

6 | 117 | 21098 | 17569 | 3529 | 20.0 Camplaign njot Com pleted cee Ex ae or? 


; ’ \ 
Table 2—Production and Cost Data on Six Basic Furnace Roofs. 
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i i Materials Annual Conference 
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Furnace, Coke Oven and Raw Materials Committee; C. D. King, chairman, ISD; Clarence B. Randall, president, Inlan ee 


Co., speaker; H. J. Watt, manager of sales, Western area, Carnegie-lIllinois Steel Corp., toastm 


aster; E. G. Hill, acting chairman, 


i i i i i ight, E. Kirkendall, sect.- 
NOHC; W. C. Kitto, past chairman, NOHC; T. B. Winkler, McKune Award winner. Standing, left to right, 3 
treas. NOHC; ne P. Miller, ex-chairman, NOHC; E. L. Ramsey, ex-chairman, NOHC; F. G. Jaicks, Conference Award winner; 


Russel Fayles, Conference Award winner; L. R. Berner, acting chairman, Local Committee; E. J. Gardner, program chairman, 


Blast Furnace, Coke Oven and Raw Materials Committee. 


(3) Operating Delay—No significant variance. 

(4): Fuel Economy—Negative, due to the increase in 
heat losses due to radiation in basic brick causing in- 
creased firing rates. 

(5) Metallurgical Features—No conclusive evidence of 
any advantage. 

(6) Overall Economy—Negative, due to the cost of fuel 
and hot work repairs. 

A characteristic factual report was presented by H. E. 
Warren, Jr., on the “Basic Ends” at the Open Hearth 
Department, Carnegie-Illinois Steel Corp., Homestead, 
Pa.; with a detailed history of the original construction 
and the subsequent repairs. Mr. Warren concluded “that 
under the specific conditions investigated there is in the 
basic end construction much merit from the standpoint of 
economy, including the brick replacement; labor re- 
quired to tear down and remove slag, and the cost of 
maintenance of tractor equipment. Because of shorter 
rebuild time there is an increase in available operating 
hours,: especially important under full operating con- 
ditions.” 

The attention paid to this review on these papers was 
evidencé of the interest taken in the large-scale produc- 
tion trials of basic brick in the open hearth furnace. 

“Mixer Linings” were the subject of papers by Addison 
Maupin, on the use of special Sillimanite brick by Repub- 


lic Steel Corp.’s Cleveland plant, and by F. A. Colledge, 
on Rammed Linings at Carnegie-Illinois Steel Corp.’s 
Munhall Plant. 

“Roof Life vs. Silica Brick Quality” was handled from 
two viewpoints. H. M. Kraner, Bethlehem Steel Co., dis- 
cussed the quality of silica brick, while L. M. Wells, 
Carnegie-Illinois Steel Corp., emphasized that low alkali 
content is just as necessary as low alumina content in 
achieving the maximum benefit from silica brick. 

An important phase of the April 19 afternoon session, 
on “Cold Metal Operations and Basic Foundry Practice” 
was the subject of “Bath Temperature Pyrometers” as 
presented in papers by J. A. Warchol, Research Engineer, 
Lukens Steel Co., Coatesville, Pa., and W. D. Lawther, 
Chief Chemist, American Steel Foundries, East St. Louis, 
Ill. Both stressed the emphasis that has been put for 
many years on the importance of temperature in refining 
liquid steel in its relation to the various reactions of the 
molten bath, furnace life and, most important, the quality 
of the finished steel. 

Mr. Warchol described the “Immersion Pyrometer,” 
employing the radiation principle and its use in his plant. 
A very good description of the installation is given in the 
accompanying sketch. (Fig. 2.) 

Mr. Lawther’s paper: likewise discussed the “air-purge 
radiation type immersion unit for the measurement of 
bath temperatures” and then went on to discuss the high 
accuracy of its reading, which is independent of “the 
melters’ calibrated eye,” and the relation of accurate 
readings to various quality requirements. 


The interesting part of the production scale experi- 
ments with immersion pyrometers is the reliance put on 
them by the furnace operators in lieu of personal judg- 
ment or optical pyrometers, both of which are affected by 
varying light conditions. 

The wide range of subjects covered at the Open Hearth 
Conference precludes any possibility of a resume of all 
papers presented, although each and every one covers an 
important part of the entire picture. The good attendance 
at the various sessions is indicative of the keen interest 
taken in the papers and the method of presentation by 


Fig. 2—Radiation Immersion Pyrometer. Position of open-end tube indivi wn 
. . . . i . t i i 
while a reading is being taken in the open hearth furnace. |. Steel he individual speakers, all of whom sacrificed their 0 


tube. 2. Cavity formed by compressed air. 3. Rayotube. 4. Wicket personal time to assemble the fundamental data so WSLS) 
hole. sary to a logical presentation of their subjects. 
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JAMES A. STANGARONE 


Stangarone Becomes Advertising Manager 


James A. Stangarone has been ap- 
pointed advertising manager of Jour- 
NAL OF Merats Technology - Practice. 
For the past eight years he has been 
actively engaged in publishing, adver- 
tising sales and promotion. Thus Mr. 
Stangarone will to a great extent re- 
lieve loyal committee members of the 
Metals Branch who have been working 
effectively to secure advertising. How- 
ever it is to be hoped that members will 
continue their help in obtaining adver- 
tising and will provide Jim Stangarone 
with suggestions and_ introductions. 
Such cooperation will increase advertis- 
ing revenue and will reduce the net 
cost of the JouRNAL oF METALS to mem- 


bers as well as permit some of the 
improvements members have requested. 

Please be sure to return the post- 
ecard recently mailed to you request- 
ing information on your occupation 
so that we may have an accurate an- 
alysis of circulation with which to 
interest advertisers. 

Opportunity is taken here to an- 
nounce the formation of an Editorial 
Advisory Committee for the JOURNAL 
or Merats. The membership of this 
important policy determining commit- 
tee is given on the masthead of this 
issue. Their job will be to try to pro- 
vide readers with what they want most 


in their magazine from the funds avail- 


able. 


fs 
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Speakers’ table, Annual Luncheon, Blast Furnace, Coke Oven and Raw Materials Committee, Palmer House, Chicago, April 20, 
1949. Seated, left to right, W. S. Unger, secretary; T. F. Plimpton, vice chairman and chairman-elect; T. L. Joseph, chairman; 
E. J. Gardner, chairman, program committee; C. D. King, chairman, ISD. Standing, left to right, K. C. McCutcheon, program 
committee; H. V. Lauer, vice chairman-elect; R. W. Campbell, chairman, paper committee and vice chairman-elect; C. L. 


Wyman, vice-chairman. 
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Visitors and hosts at Chapman Valve Mfg. Co. at Indian Orchard, Mass. April 22, 1949. 


IMD Regional Conference at Springfield, Mass. 


Teehnical Papers and Trips to Chapman Valve and American Boseh 


Some 120 registrants attended the 
Third Annual Institute of Metals Divi- 
sion, AIME, Regional Conference held 
in Springfield, Massachusetts, on April 
22 vande23: 

The morning of the first day was 
devoted to plant trips with a choice of 
visiting either the Chapman Valve Mfg. 
Co. or the American Bosch Corp. Both 
groups left the Sheraton Hotel by bus 
at 10 a.m. Those visiting the American 
Bosch Corp. saw the metallurgical lab- 
oratory, the heat treating and plating 
shops and were particularly interested 
in the injection pump assembly and 
automotive division assembly lines. 
Howard Boyer, chief met. and a very 
active member of the Conference Com- 
mittee; Mr. Kiely, exec. asst. to the 
mgr. of engrg. and Mr. Woodbury, 
exec. asst. to the vice pres., acted as 
guides. Mr. Harris, vice pres. of pro- 
duction; Mr. Miller, mgr. of engrg. 
and Mr. Riddle, mgr. of ind. relations, 
joined the group at noon, when they 
were ireated to a fine luncheon as 
guests of the American Bosch Corp. 

The group visiting the Chapman 
Valve Mfg. Co. saw more valves, more 
sizes and types of valves and valves 
being made from a wider variety of 
materials than most had ever seen be- 
fore. The larger cast iron and steel 
valves ranged up to 40 tons. Specialty 
valves included large valves shaped to 
interfere negligibly with the flow of 
liquid when open, valves to operate red 
hot at high steam or oil temperatures, 
and valves of various ferrous and non- 
ferrous corrosion resistant materials. 
Visitors were particularly interested in 
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watching stainless steel being welded 
on those surfaces and only those sur- 
faces requiring extra protection. The 
surface was built up from wire welding 
rod and machined. The trip was well 
planned by George E. Fox, works mgr.. 
and Vincent T. Malcolm, dir. of res.. 
and the very effective general chairman 
of the Conference. Following the plant 
trip the visitors further enjoyed the 
good hospitality of the Chapman Valve 
Mfg. Co. as guests at luncheon. 

The opening technical session was 
scheduled at 2 p.m. with four papers 
arranged by W. H. Sharp, session chair- 
man. D. H. Thompson, American Brass 
Co., presented the first paper, co- 
authored by A. W. Tracy on “The 
Influence of Composition on the Stress 
Corrosion Cracking of Some Copper- 
base Alloys.” The complete paper ap- 
pears on page 100 of the Metals Trans- 
action Section of the February issue, 
JourNAL oF METALs and was presented 
at the Annual Meeting in San Fran- 
cisco. Its presentation was repeated 
here since most Easterners, including 
the authors themselves, had not been 
able to attend the San Francisco meet- 
ing. In summarizing the laboratory 
experiments, Mr. Thompson _ said: 
“Season cracking is a corrosion phe- 
nomenon, accelerated by stress. Cor- 
rosion occurs because of the formation 
of a cell, the anode of which is an 
actively corroding area. In the tests 
reported, the addition of alloying ele- 
ments to copper have caused~ grain 
boundaries to be anodic to grain 
bodies. The reason for this shaft in 
potential may be associated with a con- 
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centration of solute atoms at the grain 
boundary; or with lattice dislocations 
from the presence of these foreign 
atoms. It may also result from the 
formation of protective films on the 
surface of the metal, thus forming 
cathodic areas that increase the cor- 
at boundaries. Any of these 
effects might be reversed as the con- 
centration of alloying element is in- 


rosion 


creased, as the minima in some of the 
curves indicate.” 

“Gaseous Fluxes for Brazing Steel” 
by A. P. Edson, D. G. Paquette, Hamil- 
ton Standard Propeller Div., United 
Aircraft Corp., and I. L. Newell, Henry 
Southern Engineering Co., was the 
second paper on the program. Basic 
requirements of fluxes in general were 
reviewed, including the reduction or 
dissolving of surface oxides without un- 
duly attacking the metals themselves. 
Most fluxes were used as liquids, but 
the fact that they were difficult to re- 
move in some applications after use 
and were more or less corrosive to the- 
base metal, had lead to the develop- 
ment of gaseous fluxes. Hydrogen and 
carbon monoxide have been extensively 
used where the oxide is easily reduced. 
as in copper brazing of steel. Ethyl 
and methyl borate vapors have been 
used for torch brazing. Hydrogen 
chloride vapor will function, but in 
non-laboratory use the traces of mois- 
ture present permit corrosion of the 
steel being joined. Hydrogen fluoride 

“would work, but ammonium fluoride, 
bifluoride and polyfluorides were sim- 
pler to handle and produced compar- 
able results. Ammonium fluoborate 
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Visitors and hosts at the American Bosch Corp., Springfield, Mass., April 22, 1949. 


proved to have superior fluxing activity. 
Boron trifluoride was the most satis- 
factory gaseous flux reported. It was 
less toxic than the fluorides, available 
in high pressure cylinders, did not 
sublime and clog exhaust lines from 
the brazing chamber, did not attack the 
steel surface, fluxed more effectively 
and produced the best joints. The 
speaker emphasized that gaseous flux- 
ing was not a cure-all, that gaseous 
fluxing is relatively slow, extremely 
sensitive to contamination and more 
expensive, but for critical applications 
it may prove invaluable. 

W. L. Finlay and E. L. Wemple, 
Remington Arms Co., presented the 
next paper entitled “Metallography 
and Properties of Commercially Pure 
Titanium” (See also page 6 of the 
January issue.) Two interesting metal- 
lographic facts were noted: Namely 
that titanium changes from hexagonal- 
close-packed to body-centered cubic 
above 885C and that titanium twins 
mechanically when deformed at room 
temperature. The latter required care 
in removing the effected surface im- 
mediately below the scratches pro- 
duced in the early metallographic 
polishing steps before final polishing. 

Titanium is intermediate between 
aluminum alloys and stainless steel in 
specific gravity, about equal to them 
on a strength-weight ratio, has a higher 
melting point than either, and has 
twice the annealed yield strength of 
18-8. 

An interesting conclusion to this 
paper was a list of possible applica- 
tions for titanium as follows: 

J. Airframe skins and _ structures 
where intermediate temperatures 
or corrosion problems are en- 
countered. 

2. Aircraft power plants where tem- 
peratures between 300F and 800F 
are involved. 

3. Naval or marine applications in 
which the combination of superior 
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corrosion resistance and~ light 

weight are important. 

4. Industrial which 
titanium’s particular corrosion re- 
sistance can be utilized. 

5. Miscellaneous applications in 
which a combination of light 
weight, corrosion resistance, high 
strength and intermediate tem- 
perature properties are required. 

The final paper “Solid Phase Bond- 
ing of Aluminum to Steel,” by V. W. 
Cooke and A. Levy, Pratt & Whitney 
Aircraft Div., United Aircraft Corp.. 
was truly an eye opener. As Dr. Kinzel 
commented to the authors, “Everyone 
knew it was impossible so you went 
ahead and did it.” One of the chief 
precautions to a successful bond was 
to avoid a heavy oxide coating on the 
ferrous material. This could be done 
by using stainless steel or chromium 
plating the low alloy steels. After 
bonding a full solution treatment for 
the aluminum alloy was not permitted. 
since this combination of time and 
temperature permitted enough diffusion 
to build up a sufficiently thick inter- 
metallic compound layer to be brittle. 
Bond strengths of from 20-50,000 psi 
tensile strength were possible and 
bonding could be accomplished at as 
low a temperature as 550F where little 
upsetting under the pressures used was 
noted. It is expected that this paper 
will appear in the JourNAL oF METALS 
later this year. 

The annual dinner started an enjoy- 
able evening again this year. General 
Chairman Vincent Malcolm welcomed 
the guests and introduced the toast- 
master, A. Dudley Bach, president, 
New England Metallurgical Co. As 
those who had heard him before knew, 
he kept the evening program lively and 
did an excellent job as tcastmaster. 
Springfield’s mayor, Daniel Brinton, 
was there to welcome the registrants. 
Dinner guests were also privileged to 
have John J. Duggan, president, Chap- 
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man Valve Mfg. Co. present to receive 
the thanks of those who visited his 
plant during the morning and to talk 
briefly to the group. 

The principal talk of the evening, 
“Research, the Foundation of the 
Metals Industry in New England” was 
given by Dr. A. B. Kinzel, president, 
Union Carbide and Carbon Research 
Laboratories. So Ph.D.’s_ had 
been introduced that he opened his talk 
by saying fellow members of the 
“meticallurgical fraternity.” 


many 


He gave 
an excellent and interesting presenta- 
tion of the part played by research in 
opening new fields and in providing 
more jobs by expanding or creating 
new industries. Avoiding pleasant gen- 
eralities, he gave specific examples ap- 
plying to the New England area. 
Dinner guests were happily surprised 
to have the mayor stay for the prin- 
cipal speech, but then he was learning 
things about New England that might 
prove helpful the next time he spoke. 

The final session of the meeting was 
a Seminar on High Temperature Ma- 
terials Saturday morning. Norman 
Mochel, Westinghouse Electric Corp., 
and last year’s Chairman of the Joint 
ASME and ASTM High Temperature 
Committee on the Effect of Tempera- 
ture on the Properties of Metals, acted 
as Chairman of the seminar. The first 
paper on “Alloys for High Tempera- 
ture Service” was an excellent review 
by R. H. Thielmann, Pratt & Whitney 
Div., United Aircraft Co. Sidney Low, 
Chapman Valve Mfg. Co., gave the 
second paper entitled “Sigma Phase in 
Cast Austenitic Steels.” He presented 
some new ideas and x-ray diffraction 
evidence of the existence of the sigma 
phase after elevated temperature aging. 
An interesting discussion on interpre- 
tations followed. 

“High Temperature Research” was 
the concluding paper by Ernest Robin- 
son, General Electric Co. and the 
present chairman of the Joint High 
Temperature Committee. Discussion 
at this seminar was excellent, as it 
should have been, considering the 
talent present. Vincent Malcolm, gen- 
eral chairman of the conference, had 
been the first chairman of the Joint 
High Temperature Committee in 1924. 

At the committee meeting which fol- 
lowed, Roger Sutton was elected chair- 
man for the Fourth Conference and 
George Swift was reelected treasurer. 
Providence, Rhode Island, was selected 
as the location of the 1950 IMD New 
England Regional Conference. 
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The Metals Branch, Southern Cali- 
fornia Section, AIME, participated in 
the Western Metals Congress with 
three technical sessions comprising six 
papers. In the opening session, W. D. 
Briggs, chief chemist, Northrop Air- 
craft Co., reviewed the literature of 
hydrogen diffusion in steel and made 
a strong plea for a proper study of the 
application to practical cases of this 
widely discussed technical knowledge. 
Proclaiming hydrogen the scapegoat in 
most instances of embrittlement is not 
an adequate use of the knowledge of 
hydrogen diffusion. Industry is in dire 
need of a standard test that can estab- 
lish beyond a doubt that hydrogen is 
the embrittling agent in failure ex- 
periences. Government specifications 
relating to embrittlement relieving 
treatment do not take cognizance of 
differences between hydrogen contents 
resulting from various industrial oper- 
ations. 

H. P. Nielsen, associate professor of 
mechanical engineering at the Univer- 
sity of Southern California, described 
the degree of temper brittleness mani- 
fested by a Krupp analysis air harden- 
ing steel used for gun barrels. The 
loss of impact strength of samples 
tempered for various time periods in 
the 400-1000 F range was established 
as temper brittleness by the delineation 
of a precipitate in prior austenite 
grains by the use of a Zephiran chlo- 
ride etchant. Fracture tests duplicat- 
ing the impact tests manifested sufh- 
cient differences between embrittled 
and non-embrittled specimens to indi- 
cate that the lower cost fracture test 
may be an adequate substitute for the 
higher cost impact test in delineating 
the temperature range of temper em- 
brittlement. 

In the second session, conducted 
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jointly with the American Foundry- 
men’s Society, J. H. Berryman, tech- 
nical sales, Air Reduction Sales Co., 
described steel making’s latest ton- 
nage-increase tool, “oxygen for com- 
bustion” and “oxygen for decarboni- 
zation.” Oxygenated oil firing of open 
hearth furnaces yields maximum ton- 
nage increase only when furnace charg- 
ing and tapping keeps pace with the 
accelerated combustion rate. With oxy- 
gen consumption of 500-600 cu. ft. per 
ton for high hot metal charges and 
1000-1200 cu. ft. for all cold charges, 
full furnace campaigns have shown 
production increases of 20 percent with 
fuel savings about 12 percent and no 
increase in refractory cost. 

Decarbonization oxygen, substituted 
for “added ore.” in the order of 50-150 
cu. ft. per ton has effected production 
increases of 15-30: percent together with 
a 10 percent fuel savings and a sub- 
stantial savings in refractory cost. 
Used also for temperature control; 
opening up of “flat heats” and activat- 
ing sluggish lime boils, injected oxygen 
is being used in one shop as a tapping 
guide in place of final carbon analysis. 
Injected oxygen has also found wide 
acceptance in basic and acid electric 
furnace operation. 

Dr. G. F. Found, manager, technical 
service and development, Magnesium 
Div., Dow Chemical Co., discussed the 
effects of grain size on the physical 
properties of high strength wrought 
magnesium alloys and illustrated with 
graphs and photographs the direct re- 
lationship between yield strength and 
grain size. The smaller grains give the 
higher strength values. Machinability 
as exemplified by the manufacture of 
print rolls was found to improve with 
a decrease in grain size. Other metal- 
lurgical characteristics were compared 
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with strength properties. Pol 
Duwez, associate professor of Mechan- 
ical Engineering, California Institute of 
Technology, explained the fundamental 
principles which led to the modern de- 
velopment of the science of alloys, and 
showed that an understanding of metals 
depends upon a knowledge of three 
basic concepts: (a) the pattern or ar- 
rangement of atoms in a crystal; (b) 
electron configuration in the atom; and 
(c) atomic size. The notion of metallic 
bond was described and charts were 
presented to illustrate the application 
of these rules to common and uncom- 
mon alloys. An analysis of unknown 
alloys of titanium was projected. A 
special case of small atoms forming 
interstitial structures was discussed. 
The use of these concepts in the study 
of new alloys was emphasized. 

Dr. J. T. Howe, head, Division of 
Metallurgy, Knolls Atomic Power 
Laboratory, outlined the metallurgical 
problems confronting the development 
of atomic energy, breaking them down 
into (a) reactor economy; (b) heat 
transfer; (c) stability and (d) fabri- 
cation. A fundamental knowledge of 
corrosion and diffusion of metals into 
metals is required before reactor econo- 
mies may be accomplished. The central 
problem at present is connected with 
heat transfer and requires an under- 
standing of corrosion-erosion, fatigue 
strength under thermal shock condi- 
tions and the effect of nuclear radiation 
on the properties of metals. A thorough 
knowledge of the physical and atomic 
characteristics of many metals under 
normal and abnormal conditions must 
be developed by joint efforts of physi- 
cists, chemists and metallurgists. Con- 
siderable data were presented on the 
properties of reactor materials. 


LEO SCHAPIRO 
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LETTERS TO 


“Traces” Prevail in 


Many Fields 


Editor, Journal of Metals 
Dear Sir: 


The paper of Dr. Frank A. Gilbert 
on metal traces in agriculture points 
up the fact that “traces” are important 
in many fields, including metals and 
alloys, catalysts, biology. In fact my 
Presidential address to the American 
Section of the Society of Chemical In- 
dustry in 1916 was entitled “The Im- 


999 and 


portance of ‘Impurities, gave 
some of the information then available. 
Welsbach patented his gas mantle on 
the assumption that he was dealing 
with pure thoria; but improved methods 
of analysis later showed that his thoria 
contained the critical amount (1%) of 
ceria needed to get a bright light. The 
Courts sustained the patent, however. 
for Welsbach was dealing with “thoria” 
as then known commercially. Similarly. 
the solvent powers of “wood alcohol” 
differed from those of methanol, be- 
cause the crude product contained ke- 
tones as impurity, a fact of which the 
Courts took notice. 


In many, if not most cases, where 
minute traces of metals are effective 
biologically, the metals serve as pros- 
thetic or activating groups in catalysts, 
which, in turn, produce effects quite 
out of proportion to their mass. Cer- 
tain molds require at least 1 part of 
gallium in 40 millon for growth, and 
biotin is effective in 1 part in 400 bil- 
lion. Oysters hatch to free-swimming 
larvae, which become “spats” only in 
the presence of traces of copper, as 
H. F. Prytherch found. In alloys and 
metals, trace substances may be ad- 
sorbed on the surfaces of growing crys- 
tals, and greatly affect the course of 
crystallization, and there is a large 
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literature on this aspect of the effects 
of impurities and trace substances. 


JEROME ALEXANDER M. SC. 


CONSULTING CHEMIST AND CHEMICAL 
ENGINEER 

50 EAST 41ST STREET 

NEW YORK 17, N. Y. 


Health Hazards in Processing 
Beryllium 

In your April number, page 285, 

there is an interesting paper on the 

“Beryllium-Iron System.” In looking 

this over, I fail to find any caution as 


to the highly poisonous nature of bery]- 
lium, which in finely divided form can 
produce serious lung damage, as well 
It seems to me that 
these facts should be called to the at- 


as other harm. 


tention of your readers who might not 
have seen the medical and other litera- 
ture bearing on this question. 
JEROME ALEXANDER 

(The editors are grateful to Mr. 
Alexander for his interesting comments 
on two phases of subject matter previ- 
ously published in the JourNAL oF 
METALS and are anxious to have readers 
note the following precautions prepared 


by Dr. Wolf.) 


The toxicity of beryllium is now well 
recognized. Although early toxicologi- 
cal investigations! did not illicit toxic 
responses in animals exposed to beryl- 
subsequent industrial experi- 
ence”? has demonstrated that beryl- 
lium compounds are highly toxic to 
More recently, the toxicity of 
beryllium has been demonstrated in 
animals. 


lium, 


man. 


Three types of beryllium poisoning 
have been described. Acute beryllium 
poisoning is a disease, primarily of the 
lungs, which resembles pneumonia and 
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the type of acute poisoning which results 
from exposure to irritant gases such 
as phosgene and nitrous fumes. It has 
been shown? that this type of beryllium 
poisoning can result from single exces- 
sive exposures. Cases have occurred 
from the machining and welding of 
To the best of our 
knowledge, no acute cases have result- 


beryllium metal. 


ed from the processing of beryllium 
alloys. 
The 


soning is rapid. A high percentage of 


course of acute beryllium poi- 


acute cases have been fatal, usually 
within two weeks after the onset of 
this disease. Cases which do not termi- 
nate fatally recover rapidly with no 
apparent permanent injury. 

Chronic beryllium poisoning is an in- 
sidious disease which has been reported 
in the machining of beryllium metal 
and in the casting of beryllium copper. 
We know of no cases which can be 
identified with the processing of other 
beryllium alloys. 


The principal manifestations of this 
disease are in the lungs, although other 
organs of the body are also affected. 
The onset of this disease may occur 
during the period of employment with 
beryllium compounds or up to several 
years after the cessation of beryllium 
exposure. The respiratory function is 
markedly impaired and there is a strik- 
ing loss of weight. A relatively large 
percentage of these cases terminate 
fatally. 


Skin lesions have been reported from 
contact with acid compounds of beryl- 
lium and from broken fluorescent 
lamps. The beryllium-containing phos- 
phors which have been used in these 
lamps are believed responsible for the 
latter lesions. The skin manifestations 
have not been shown to have occurred 
in the processing of beryllium metal 
and its alloys. 


Both the acute and chronic forms of 
beryllium poisoning result from inhala- 
tion of beryllium compounds. It is 
therefore of utmost important that all 
dust producing however 
minimal the contamination may seem, 
should be properly ventilated. Because 
to have occurred 


operations, 


cases are known 
among residents in the vicinity of beryl- 
lium processing plants, the effluent 
from exhaust systems should be fil- 
tered before discharge to the outside 
atmosphere. Meticulous housekeeping 
should be observed and vacuum clean- 
ing employed in preference to sweep- 
ing. The exhaust from the vacuum 
cleaner should discharge into the out- 
side_air. 

Air analyses in the breathing zone 
of exposed workmen are the best indi- 
cation of the adequacy of control mea- 
sures. Although there has been insuf- 
ficient experience to justify any firm 
yardstick by which an exposure can be 
judged, most people who have investi- 
gated this disease believe that em- 
ployees should not be exposed to con- 
centrations greater than 2 micrograms 
of beryllium per cubic meter of air. 
Air samples can be collected by draw- 
ing a known volume of air through fil- 
ter paper (Whatman No. 41). The 
beryllium content of the material col- 
lected can be assayed spectrographi- 
cally. 

REFERENCES: 


1 Bulletin #181, U. S. Public Health Ser- 
vice. 

2 HARDY, H. L. and TABERSHAW, I. R.: 
Delayed chemical pneumonitis occurring 
in workers exposed to beryllium com- 
poupes. dy OfsInds Eye & Tox, 28) 297) 


3 VAN ORDSTRAND, H. S. HUGHES, R., 
DeNADI, J. M. and CARMODY, M. G.: 
Pei an poisoning. J.A.M.A., 129: 1084, 


4BHISENBUD, M. et al: Environmental 
studies in plants and laboratories using 
beryllium. J. Ind. Hyg & Tox., Sept. 1948. 


B. S. WOLF, M.D. 
Medical Director, U. S. Atomic Energy Com. 
P.O. Box 30, Ansonia Station, New York. 


W. H. Peirce Laboratory Dedicated 
H. W. McQuaid, Speaker 


The new Peirce Memorial Labora- 
tory of Metallurgy at Stevens Institute 
of Technology was dedicated May 12 
in an impressive ceremony attended 
by representatives of metallurgical in- 
dustries, technical societies, alumni and 
college officials. Dr. Alfred Bornemann, 
director of the Department of Metal- 
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lurgy at the college, opened the dedi- 
cation with a short address and intro- 
duced other participants. 

The laboratory was established under 
a trust created by the late William H. 
Peirce, supplemented by contributions 
from the Stevens alumni. Mr. Peirce’s 
achievements in metallurgy have been 
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widely recognized. He was awarded the 
James Douglas Medal by the AIME 
for “distinguished achievement in non- 
ferrous meallurgy.” He was the inven- 
tor of methods of smelting and refin- 
ing of copper, particularly in basic con- 
verting of copper matte to “blister” 
copper and the electrolytic refining of 
the resulting product. 

He played an important part in the 
development of the Peirce-Smith basic 
lined converter which is recognized as 
one of the few fundamental advances 
in copper metallurgy. He also was in- 
fluential in bringing about the step 
from hand-ladled furnaces carrying 
15 tons to a charge, to erosive tapping 
into an intermediate ladle which has 
led to 300-ton charge furnaces and the 
removal at the rate of 60 tons an hour; 
and also for the introduction of the use 
of drums with blast furnace jackets so 
that. cooling is done by evaporation 
rather than through the circulation of 
water. 


For 43 years Mr. Peirce was asso- 
ciated with the Baltimore Copper 
Smelting and Rolling Co. His years 
of experience had taught him the great 
value of physical metallurgy in facili- 
tating industrial production by the 
specification of metallic heat treatments 
which would improve the properties of 
a metal and make it easier to fabricate. 

Mrs. William H. Peirce of Baltimore, 
Md., widow of the distinguished metal- 
lurgist for whom the new laboratory 
was named, unveiled a portrait of Mr. 
Peirce. The portrait will hang in the 
stairwell on the second floor of the lab- 
oratory. 


In the evening a lecture on “The 
Metallurgical Economics of the Manu- 
facture and Uses of Steel” was given 
by Harry W. McQuaid, steel consultant 
of Cleveland. His theme was: “Good 
Enough is Best.” If it isn’t good enough 
one cannot stay in business and if it 
were better than necessary money is 
being wasted. 


Two Bibliographies 


A bibliography on Precision Invest- 
ment Casting by the Lost Wax Process 
has been compiled by the Engineering 
Societies Library, 29 W. Thirty-ninth 
St., New York 18, priced at $2.50. 

A bibliography on ‘industrial uses 
of radioactive tracers is now available 
without charge from Arthur D. Little, 
Inc., Cambridge 42, Mass. 


Technology ¢ Practice 
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Further Consideration Given by Board to 


Report of Democratization Committee 


Chief topics for discussion at the 
meeting of the Board of Directors, 
AIME, in New York on Wednesday, 
April 20, were the report of the Com- 
mittee on Democratization and the 
forthcoming referendum on increased 
dues. Eighteen Directors, including 
two alternates, spent 514 hours in 
their deliberations, which started 
with a luncheon meeting at the En- 
gineers’ Club, and continued in the 
Board room at Institute headquarters. 
President Young presided, with the 
following directors in attendance: 


Messrs. Bowles, Daveler, Elkins, 
Head, Kinzel, Kraft, Meyerhoff, Milli- 
kan, Peirce, Schumacher, Suman. 


Swift, Weed, Wrather, and Fletcher. 
Mr. Lovejoy acted as alternate for 
Mr. Watson and Mr. Work substi- 
tuted for Mr. King. 

The essential points made by the 
Committee on Democratization were 
reported in the March and April 
issues of the AIME journals. Mr. 
Gillson reviewed the report further, 
emphasizing that the Committee 
would be satisfied if the spirit of its 
report were accepted; for the time 
being, at least, it realized that certain 
of its suggestions, such as greatly in- 
- ereased traveling by the Secretary, 
a field secretary for the Mining 
Branch, and paid expenses of two 
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Local Section delegates to three meet- 
ings a year, would be more costly 
than the Institute would be justified 
in undertaking. The Board was espe- 
cially interested in the plan for a 
more formal organization of the Sec- 
tion delegates’ group, and asked the 
Committee to work up a specific plan 
for presentation at the September 
meeting of the Board. There was 
some discussion as to the desirability 
of having fewer meetings of the 
Board, but making them more impor- 
tant, with carefully prepared agenda; 
it was thought that this would not be 
opposed to the idea of democratiza- 
tion. The Petroleum Branch reported 
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its feeling that extensive trips into 
the field by the Secretary should not 
be necessary if he kept in close touch 
with the Branch executive committees, 
who would in turn, keep themselves 
fully informed of the feeling of the 
membership at large. The Branch also 
favored an increased number of 
younger men on the Board. 

As to the progress of the movement 
to increase dues, approval was voted 
of the statement appearing over Presi- 
dent Young’s signature in the May 
issues of the journals. This was sup- 
ported by separate editorial appeals 
in the three journals and mimeo- 
graphed data prepared by the Secre- 
tary’s office and distributed to all 
Directors and Local Section Chair- 
men. Considerable discussion arose as 
to the form of ballot for the referen- 
dum, and it was finally decided that 
this should take the form of a postal 
card which would be signed by the vot- 
er, who would not only indicate his ap- 
proval or disapproval of the proposed 
increase, but would indicate his Branch 
affiliation. A reprint of President 
Young’s statement would accompany 
the ballot. The postal card would be 
stamped and self-addressed to the In- 
stitute, and would be mailed on or 
about May 20 to all paid-up AIME 
members in the United States, Can- 
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ada, and Mexico, returnable by June 
10, so that the results can be reported 
by officially appointed tellers, repre- 
senting each Branch, at the June 15 
meeting of the Board. The form of 
referendum ballot is not specifically 
stated in the bylaws but counsel ad- 
vised that the proposed postal card 
meets the requirements for a “letter 
ballot.” 


deficit to decrease in 1949 

Based on operations for the first 
quarter, the final budget for 1949, as 
offered by Mr. Daveler, shows income 
at $380,350 compared with total ex: 
penditures of $437,479, or a deficit of 
$97,129, to be in part offset by volun- 
tary contributions of $8,500, or a net 
estimated deficit for the year of $48.- 
629. This would compare with the 
deficit of $82,000 suffered in 1948. 
The reduction in the deficit is almost 
exactly counterbalanced by the ex- 
pected increase in advertising revenue 
in 1949 from the three new journals. 
Details of the budget, which this year 
for the first time is apportioned to the 
three Branches, were offered for dis- 
cussion by the Board. The paid mem- 
bership is divided approximately in 
the ratio of 52 percent for the Mining 
Branch, and 24 percent each for the 
Metals and Petroleum Branches. A1- 
locating and expenses to 
Branches, on the basis of information 
supplied by members, the deficit for 


income 


the Metals Branch in 1949 is esti- 
mated at $55,122 and for the Petro- 
leum Branch $17,161, 
Mining Branch would show a surplus 
of $23,754. 

In view of the fact that many 1948 


whereas the 


publications are out of print, the 
Board voted to allow a credit of $5 to 
all members in the United States who 
pay up their dues for 1948 and who 
cannot be supplied with one or more 
requested publications. In view of the 
further difficulty that some foreign 
members have had in securing Ameri- 
can dollars, it was further voted to 
remit the entire amount of 1948 dues 
to those foreign members now in ar- 
rears for 1948 and 1949 dues. Also. 
the time was extended to Dec. 31. 
1949, in which Junior Members of ten 
years’ standing may change their sta- 
tus to Member or Associate Member 
without payment of an initiation fee: 
the date had previously been set at 
July 1, 1949. 

Approval was voted to recommend 
to the Engineering Foundation that 
grants be made for certain research 
projects as follows: $2,500. for Proj- 
ect 97, Diffusion in Steel, by Morris 
Cohen; $3,000 for Project 98, Me- 
of Binary AI- 
loyed Ferrites at Low Temperatures, 
by R. M. Brick; and $1,000 for a 
new project in the field of comminu- 
tion, by A, Kenneth Schellinger. 


chanical Properties 


1951 annual meeting in St. Louis 


Formal acceptance was voted of 
the invitation of the St. Louis Section 
to hold the 1951 Annual Meeting of 
the AIME in St. Louis, which is prob- 
ably the most centrally situated city 
in which an Annual Meeting can be 
held for the convenience of AIME 
members. The 1950 Annual Meeting 
will be held at the Hotel Statler in 
New York, Feb. 12-16. No decision 
has yet been made as to the scene 
of the Fall Meeting of the AIME in 
1950; it will be impractical to hold 
it in New Orleans as suggested. 

Erle V. Daveler was appointed to 
represent the Institute on the John 
Fritz Medal Board of Award succeed- 
ing Clyde Williams, resigned. Fred 
Searls, Jr.. was named to succeed 
H. M. Lavender as chairman of the 
Saunders Mining Medal Committee, 
and H. L. Roscoe was named to take 
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Mr. Lavender’s place as a committee 
member. Oliver C. Ralston was re- 
appointed as an AIME representative 
on the National Research Council. 
Albert M. Portevin was named to rep- 
resent the AIME at the centenary 
celebration of the French Society of 
Metallurgy in Paris next October. 
The Cornell Metallurgy Society, at 
Cornell University, was formally rec- 
ognized as an Affiliated Student So- 
ciety, AIME. Selection of James A. 
Stangarone as advertising manager 
of the Journal of Metals was reported. 


Print Orders for Journals 
Institute headquarters was faced 
with an important problem last De- 
cember when it became necessary to 
decide on how many copies of each of 
the three journals to print, with no 
knowledge of what the wishes of the 


members would be. We wanted stocks 
to be adequate to supply the demand, 
but did not wish to waste money in 
printing journals for which there 
was no need. The print orders for the 
January issues were finally set at 11,- 
500 for Mining Engineering, 6700 for 
the Journal of Metals, and 5500 for 
the Journal of Petroleum Technology. 
In the light of subsequent information 
only slight changes had to be made 


10,800. 6700, 
All issues of 


in succeeding issues: 
and 5400 respectively. 
each magazine could be supplied up 
to May 1 except the January issue of 
the Journal of Petroleum Technology. 


Progress of Publication of 
AIME Volumes 


In the December issue of Mining 
and Metallurgy, page 686, was pub- 
lished a list of the volumes whose 
publication was expected in 1949 and 
the terms under which members could 
secure them. The expected dates of 
publication of these volumes are: 

No. 175 Institute of Metals Divi- 
sion. May. 

No. 176 Iron and Steel Division. 
August. 

No. 177 Coal Division. August. 

No. 178 Mining Geology. May. 

No. 179 Petroleum~ Development 
and Technology... August. 

No. 180 Institute of Metals Divi- 
sion. October. 

No. 181 Metal Mining, etc. Octo- 
ber. 

No. 182 Nonferrous Smelting and 
Refining. October. 

No. 183 Minerals Beneficiation. No- 
vember. 

Open Hearth Proceedings. Novem- 
ber. 

Blast Furnace Proceedings. 
vember. 


No- 


Electric Furnace Proceedings. Sep- 
tember. 

Rod and Wire Symposium. August. 

Statistics of Oil and Gas. August. 

Industrial Minerals and Rocks. 2d 
ed. August. 

Berwerk—und Probierbuchlein. 
Now available. $3 members; $5 non- 
members. 

Conservation of Petroleum. No 
date set. 

Coal Preparation. Revised edition 
authorized but no date set. 
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AIME General Meeting Set for September 


The date has been set, and tentative 
plans prepared, for the AIME Fall 
Meeting, to be held this year in 
Columbus, Ohio. The kickoff. and it 
will be a real kickoff. is set for Sat- 
urday, Sept. 24, which day will be 
spent at the Ohio State—Missouri foot- 
ball game in Columbus. Registration 
will be the following day, and Monday 
will see the beginning of a six-day 
round of technical sessions, inspection 
trips, and executive conferences. The 
meeting will close on Oct. 1, just in 
time for the Ohio State—Indiana foot- 
ball game. 

Twenty-one hours of technical ses- 
sions will be held on Monday, Tues- 
day, Wednesday, and Friday, but 
Thursday will be reserved for inspec- 
tion trips which will include the Na- 
tional Electric Coil Co., Jeffrey Mfg. 
Co., and the Battelle Memorial Insti- 
tute. Programs are being planned by 
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‘This is Columbus, home of Ohio State, the Capital, Battelle Memorial Institute, and the AIME Fall Meeting. 


most of the Divisions of the Institute. 
A cocktail party and banquet will 
also be held during this busy week. 
In addition, the Southern Ohio Sec: 
tion of the Open Hearth Committee, 
AIME, will meet on Friday, Sept. 30, 
for technical sessions, luncheon, and 
an evening banquet. The Open Hearth 
group’s Executive Committee will also 
meet on the last day of the Meeting, 
and then be off to see the closing grid- 
iron tussle. 

The Neil House in Columbus will 
be headquarters for this mid-year gen- 
eral meeting. and those who are plan- 
ning to attend can write Hugo E. 
Johnson at the Battelle Institute for 
further details. 


AIME Research 
Grants Continue 

Four AIME research projects, deal- 
ing with diffusion of steel; atioys of 


iron research; basic open hearth steel- 
making; and the behavior of metals 
during hot-working, will continue to 
receive support this year from the En- 
gineering Foundation, the research 
department of United Engineering 
Trustees, Inc., for the Founder Socie- 
ties, a group founded thirty-five years 
ago for the ASCE, ASME, ATEE, and 
AIME. 

Although the Foundation’s available 
funds are now only $24,353 or less 
than half what they were a year ago, 
that amount will provide grants for 
a total of thirteen research projects 
this year. Contributions are made 
primarily to support studies and an- 
alyses necessary to organize projects 
to a point where they can be supported 
from other sources. Eighteen such 
projects were supported during the 
past year. 
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EJC Survey on Engineering 
Employment and Salaries 


The General Survey Committee of 
the Engineers Joint Council, which is 
composed of representatives of the ma- 
jor engineering societies, has recently 
concluded a survey of representative 
industrial companies and _  govern- 
mental agencies concerning their 1949 
employment programs for engineering 
graduates. Of 500 questionnaires sent 
out late in January, 193 had been re- 
turned early in May, but none of these 
were from strictly mining companies. 

Excluding a few small organizations 


providing incomplete data, there were 
162 industrial companies and 31 govy- 
ernmental agencies in this group with 
over 4 million employes, of whom 
89,000 were engineering graduates, or 
a third of some 265,000 such graduates 
in the country. 

These organizations reported that 
they had hired 10,390 inexperienced 
engineering graduates in 1948 and es- 
timated that they would hire 8174, or 
some 21% less in 1949. For the in- 
dustrial companies, the decrease was 


Calendar of ‘Coming Meetings 


JUNE 

2 Reno Branch, Nevada _ Section, 
AIME, 

3 Columbia Section, AIME. 

3-4 Central Appalachian Section, 
AIME, spring meeting, Blacks- 
burg, Va 

5-10 SAE, summer meeting, French 
Lick, Ind. 


8 El Paso Metals Section, AIME. 

13-15 15th National Applied Mechanics 
Conference, University of Michi- 
gan, Ann Arbor. 

13-15 Annual convention, Idaho Min- 
ing Association, Sun Valley. 

14 East Texas Section, AIME. 

15 Southwest Texas Section, AIME. 

16 Carlsbad Potash Section, AIME. 

16 Engineering Foundation, 29 W. 39 
St.. New York City. 

‘June 27-July 1 ASTM, 52nd annual 
meeting, Chalfonte-Haddon Hall, 
Atlantic City, N. J. 

20-22 American Society of Heating and 
Ventilating Engineers, semi-annual 
meeting, Minneapolis, Minn. 

20-24 AIEE, summer general meeting, 
New Ocean House, Swampscott, 
Mass. 

20-24 American Society for Engineer- 
ing Education, RPI, ‘lroy, N. Y. 

21 Gulf Coast Section, AIME. 

25-26 American Iron an: Steel Insti- 
tute, general meeting, N. Y. C. 


27-30 ASME, semi-annual meeting, 
San Friuncisco. 

27 Alaska Section, AIME. 

28 Montana Section, AIME. : 

29 Pennsylvania - Anthracite Section, 


AIME, summer meeting Split Rock 
Lodge, Pocono Mountains. 

JULY 

9-23 Fourth Empire Mining and Metual- 
lurgical Congress, Great Britain. 

13-15 American Society of Civil Engi- 
neers, summer convention, Mexico 
City. 

15-24 Pan-American Engineering Con- 
gress, Rio de Janeiro. 


AUGUST 

23-26. AIEE Pacific general meeting, 
Fairmont Hotel, San Francisco. 

26-Sept. 10 Engineering & Mining Ex- 
hibition, London, England. 

SEPTEMBER 

25-28 Mid-year Meeting, AIME, Neil 
House, Columbus, Ohio. 

25-28 American Mining Congress, 
Western fall meeting, Spokane. 
29-30 ASME, fall meeting, Erie, Pa. 
29-Oct. 1 Colorado School of Mines, 
75th anniversary celebration. 

Sept. 30-Oct. 1 Southern Ohio Section 
of Open Hearth Committee, AIME, 
fall meeting, Deshler-Wallick Hotel, 
Columbus. 


OCTOBER 

5-7 Petroleum Branch, AIME, fall 
meeting, Plaza Hutel, San Antonio, 
Texas. 

13-14 Texas Mid-Continent Oil and Gas 
Association, annual meeting, Rice 
Hotel, Houston. | 


14 Eastern Section, Open Hearth Com- 
mittee, Iron and Steel Division, 
annual all-day fall meeting, War- 
wick Hotel, Philadelphia. 

14 Southwestern Section, Open Hearth 
Committee, Iron and Steel Division, 
Kansas City, Mo. 

17-19 Institute of Metals Division, 
AIME, fall meeting, Allerton Hotel, 
Cleveland. 

17-23 AIEE, 1949 Mid-West meeting, 
Netherland Plaza, Cincinnati. 

20-21 Petroleum Branch, AIME, Elks 
Club, Los Angeles. 

24-28 Thirty-seventh National Safety 
Congress and Exposition, Chicago. 

26-27 Joint Fuels Conference, ASME- 
AIME, French Lick Springs Hotel, 
French Lick, Ind. 

28 Pittsburgh Section of Open Hearth 
Committee and Pittsburgh Section, 
AIME, annual fall meeting, Wil- 
liam Penn Hotel. Pittsburgh. 

28-29 ECPD, annual meeting, Edge- 
water Beach Hotel, Chicago. 


NOVEMBER 


1-5 Pacific Chemical Exposition, Cali- 
fornia Section, American Chemical 
Society, San Francisco Civie Audi- 
torium. 

2-4 American Society of Civil Engi- 
neers, fall meeting, Washington, 


7-10 AIChE, annual meeting, Pitts- 
burgh, Pa. 

9-11 Industrial Minerals Division, 
AIME, Tampa, Fla. 

12-14 Geological Society of America, 
ereaal meeting, Hotel Cortez, El 
aso. 


DECEMBER 


8-10 Seventh Annual Conference, Elec- 
tric Furnace Steel Committee, Iron 
and Steel Division, AIME, Hotel 
William Penn, Pittsburgh. 

JANUARY 1950 


18-20 American Society of Civil Engi- 
' ne°rs, annual meeting, New York. 
30 AIEE, winter meeting, New York. 


FEBRUARY 1950 
12-16 Annual Meeting, AIME, Statler 


(Pennsylvania) Hotel, New York 
City. 

APRIL 1950 

10-12 Open Hearth Conference, and 
Blast Furnace, Coke Oven and 
Raw Materials Conference, Neth- 


land Plaza Hotel, Cincinnati. 
19-21 American Society of Civil Engi- 
neers, spring meeting, Los Angeles. 


NOVEMBER 1950 


16-18 Geological Society of America, 
annual meeting, Hotel Statler, 
Washington, D. C. 


DECEMBER 1950 


7-9 Eighth Annual Conference, Flec- 
tric Furnace Steel Committee, Iron 
and Steel Division, AIME, Hotel 
‘William Penn, Pittsburgh. 
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26% to a total of 5695; for the gov- 
ernmental agencies, 9% to one of 
2479. Agencies of the state govern- 
ments actually expected a substantial 
increase. 

On the basis of the starting rates 
reported, 25% of these men at the 
Bachelors’ level would receive a start- 
ing rate of $275 per month or more, 
50% one of $255 or more (the so- 
called median rate) and 75% one of 
$250 or more. 

The median rates reported by or- 
ganizations, without regard to the 
numbers of men to be employed, were 
$255 for Bachelors’, $300 for Mas- 
ters’, and $375 for Doctors’ degrees. 


A median monthly increase of $30 
is given by the end of the first year 
by the organizations in this group. 
45% of them give this total at one 
time, 49% in two installments, and 
the remainder in three or four install- 
ments. 


In order to secure some indication 
of the recent trend in salaries of en- 
gineering graduates with experience, 
the survey also requested data for 
those 10 years beyond their Bachelors’ 
degrees late in 1946 and those who 
were 10 years out late in 1948. Only 
82 organizations provided these data 
and, to some extent, they represent 
estimates rather than exact figures. 
For 1511 graduates 10 years out in 
1946, the median monthly salary was 
$375 and for 1431 who were 10 years 
out in 1948 it was $450, or 20% more. 
The 1946 figure corresponds closely 
with that secured by a survey of in- 
dividual engineering society members 
at that time, and on that basis the 
current data for both years may be 
regarded as reasonably reliable. 


If You Are Visiting Dayton 


AIME members visiting Dayton, 
Ohio, are cordially invited to make 
use of the facilities of the Engineers’ 
Club of Dayton, 112 E. Monument 
Ave., one block from the downtown 
business district. A guest card good 
for two weeks will be provided upon 
proper identification. Sleeping facili- 
ties are not available, but regular 
luncheons are served, a reading and 
billiard room is provided, and there 
is'an excellent library of 10,000 vol- 
umes, with 100 periodicals received. 
William Siler is manager. biers 
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What Went on at Recent Local Section Meetings 
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PRESIDING ATTEND- SPEAKER, AFFILIAT 
s ; ION, 
ECTION DATE PLACE 7 : OFFICER ANCE AND SUBJECT 

Boston see ae. April 4 MIT George P. Swift 146 Clifford L. Curan, E.B. Badger and Son“ s‘An 
Engineer Views the U.S. S. R.” 

Carlsbad Potash Mar. 24 | Carlsbad J. P. Smith 69 C. P. Theis, New Mexico state geologist, on 
ground water. 

} : a ; 

Carisbad Potash April 21 | Carlsbad J. P. Smith 57 E. F. Bunning, Central States Cooperative, on 
potash’s use in fertilizers. 

Carlsbad Potash April 23 | Carlsbad J. P. Smith 146 Annual spring dance. 

Chicago April 6 Chicago Bar Association T. S. Washburn 83 J. S. Smart, Jr., American Smelting and Refining 
Co., on ASARCO continuous casting process. 

Cleveland... Cleveland. Harold Hunsicker, Aluminum Co. of America, 
on precipitation hardening of aluminum alloys. 

Cleveland........ April 14 | University Club.. ve) Dinner meeting. John Love, business analyst, 
Cleveland Press, on aspects of the economic 
landscape. 

Columbia. . April 1 Spokane, Idaho Howard P. Sherman. 61 Robert D. Dallwo, attorney, on Communist 
technique and strategy. 

Connecticut April 13 | Bridgeport.... H. L. Burghoff.. 58 A. D. Eplett, Manning, Maxwell and Moore, 
“Technological Observations in Postwar Ger- 
many.’’ 

Delta, Mississippi April 21 | Laurel, Miss. R. E. France... 82 Walter F. Rogus, Gulf Oil Corp., on condensate 

Subsection well corrosion. . N. Dunlap, California 
Research Corp., on AIME Annual Meeting. 

Detroit, s.55 00-4. PN SMEIETLG OVE DETION GS. Fare ee eng oa ay Eerie, Weinmianwrurc a | sce sen. W. L. Grube, General Motors Corp., on the 
electron microscope as a metallurgical tool. 

El Paso Metals..... April 13 | Texas College of Mines...... Jack) Despins.)- o0ot 38 Baxter Polk, Texas College of Mines and Metal- 
lurgy, on the library for student and profes- 
sional engineers. 

Lehigh Valley..... WMrari2 5 7) Sethiehem .02.0 tg. succes ee ESEy VaniVoris. «cee 103 Bruce S. Old, Arthur D. Little, Inc., on radio- 
active tracers in metallurgy and coke produc- 
tion. A. M. Gaudin, MIT, on radioactive 
tracers in mineral engineering. 

Montana... oo i6.. Mar. 29 | School of Mines, Butte...... Hollis McCrea....... 130 S. P. Nile, Montana School of Mines, on radio- 
activity. 

GMIPAT Sn ce ares April 26 | Anaconda Copper M.iGorp. chs joie cls :spo srt saie nes cite fareracya shes Visit to Anaconda ferromanganese plant. R. H. 
Townsend, superintendent of zinc roasters, on 
ferromanganese operations. 

New York......... Moar. 1027 Mining Club o23 0 S440 oer Thomas G. Moore.... 69 Claude A. Williams, President, Transcontinental 
Gas Pipe Line Corp., on natural gas. 

Wew York?......« Appr 23) Mining Club)... .6 eo ca: T. B. Counselman.... 87 J. A. Retty, chief geologist, Labrador Mining 
and Exploration Co., on the Hollinger-Hanna 
Iron Ore development in New Quebec and 
Labrador. 

Nevada, Reno Feb. 3 al ee OES ee sree L. D. Gordon s.3 tawtl hie egyens: Silas E. Ross, Chairman, Board of Regents, 

Branch University of Nevada, on The Board of Re- 
gents and the Law. 
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i safe 61 E. A. Slover, Chino Mines Division, Kennecott 
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exes smelter. E. M. Tittmann, American Smelting 
& Refining Co., ‘‘El Paso Zinc Fuming Plant.” 
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Ohio Valley........| April 11 | Columbus. .-.-.....+----++ Wwitbcret MAnetber Ohio State University, delegates report on 


annual meeting. Hugo Johnson, Battelle 
Memorial Institute, explanation of new Section 
by-laws and discussion of plans for mid-year 
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The Peak Is Passed 


At last the postwar boom in metal 


prices has ended, and some mining 
companies, operating high-cost prop- 
erties. will now have to curtail or close 
down. Copper at 2344¢ was high but 
not to be compared with lead at 21%4¢, 
so the price of the former offered more 
resistance to decline, and began with 
but a slight shading by one seller. 
Lead, on the other hand took a head- 
long tumble, in less than a month, 
from 2144¢ to 16¢, and then dropped 
still further. to 14¢, by the middle of 
May. Zinc never got up to the price 
of lead, though before the war it ruled 
somewhat higher. From a high of 
174¢ it had dropped to 14¢ in mid- 
May. Copper was 18¢. 

The high prices had the normal 
effect of 
amount of exploration and develop- 


stimulating an enormous 


ment work, and plant extensions. In 
a large number of instances the geolo- 
gists have been successful, as Donald 
M. Davidson showed in his most inter- 
esting article in the March Mining 
Engineering. Important new metal 
mines are springing up all over the 
world. Unfortunately most of them 
will come into production when the 
demand has quieted down, and their 
added pressure on the market will 
drive prices still lower. Mineral pro- 
duction cannot respond to prices as 
quickly as can that of many other 
commodities. 

Coal and oil, likewise, are in ample 
supply, but the price of oil never 
boomed like the prices of the nonfer- 
rous metals, so has better resisted a 
decline. Coal has been more nearly 
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in line with the cost of production, so 
until wages come down, which we un- 
derstand Mr. Lewis is not planning, no 
ereat cuts in price are likely there. 

Though the metal mines will get less 
for their product from now on, there 
will be compensations. Labor will be 
easier to get and will work harder, and 
the cost of supplies will be less. 


Good Times or Bad Times? 


Our electrician, whom we called in 
the other day only to find a blown fuse 
that we did not have intelligence 
enough to find ourselves, told us that 
now he is really glad to have work, 
and no longer is trying to escape it. 
He says helpers are much easier to get 
too, and what’s more they work instead 
of sitting around talking. This condi- 
tion seems to be returning in all fields 
of activity. Even in professional min- 
ing, more people are looking for jobs, 
and less employers are calling for men: 
If not carried too far, the condition is 
a healthy one, and makes for better 
work habits. It will, of itself, reduce 
the number of jobs, however, for if 
everybody works ten per cent harder. 
then ten per cent less people will be 
needed to do the country’s work. A 
diligent person, can, we suspect, still 
find something to do. 


Buyers’ Market for 
Graduates, Too 


Engineering graduates this year are 
not able to sit back and take their 
choice of several offered jobs, which 
is the condition that has existed in 
recent years. The supply of graduates 
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is increasing and the demand, owing 
to the recession in industrial activity, 
is decreasing. Many graduates that 
expected employers to come after 
them have found that they must go 
out and rustle jobs for themselves. 

Employers tells us that where half 
the offers they made to students have 
been rejected in the last few years, 
the proportion is now only about 25 
percent, and that most of this 25 per- 
cent is made up of men who plan to 
take graduate work or who have de- 
cided to work in local areas close to 
their homes. The increasing propor- 
tion of students that plan to take 
graduate work, in part because they 
cannot get attractive jobs, will make 
it just that much harder for those 
with Bachelors’ degrees to get jobs 
in the years to come. 

Also, we learn from employers that 
the character of the present crop of 
graduates has changed. Heretofore, 
most of them had had actual military 
service, and many had held commis- 
sions—in general a most desirable 
group, earnest, mature boys, trained 
in administration and supervision as 
well as in their technical specialty. 
Now, they are classifiable for the most 
part into two groups—(1) really out- 
standing boys and (2) graduates that 
should never have gotten that far in 
their schooling, the “4F’s in the head,” 
who went to college because there was 
nothing else to do and they could do 
so at the taxpayers’ expense. They 
have not had much military experi- 
ence—mostly just in camps. Even 
with a degree they will have rather 
hard sledding this year. The first 
group, however, the cream of the 
crop, should have no particular diffi- 
culty locating a satisfactory job even 
though they may have to go after it 
instead of it coming to them. 
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Gold Output Still Lags 


U. S. Gold output last year was 
valued at 73 million dollars—just 
about half what it was before the war. 
The picture for the gold mines, how- 
ever, is not as bright even as that 
might indicate, for most of the gold 
is obtained as a by-product, and would 
be produced whatever the price. Home- 
stake is about the only straight gold 
mine of any importance left in the 
country. Canada has more gold mines 
by far; its output last year got back 
up to 123 million dollars, compared 
with 143 million in 1937. The freer 
labor supply and the current reduc- 
tions in the price of supplies will re- 
dound to the advantage of the gold 
mines but it will take a real depression 
Thatois; 
unless the Government decides on what 
seems to us the sensible course of 
letting the gold miners sell their prod- 
uct freely for whatever it will bring. 


to make them prosperous. 


Certainly less than a hundred million 
dollars’ worth of gold exported from 
the country in a year will not upset the 
international monetary commission. 

Before we leave the subject of gold 
we might repeat an adyertisement that 
the New York Herald Tribune reprints 
from an issue published 100 years 
ago: “Seekers after gold in the rivers 
and streams of California will need a 
suit of India-rubber to protect them 
from wet in their researches. Com- 
plete outfits of this material, coats, 
caps, boots, pantaloons with boots at- 
tached, camp blankets, life preservers, 
canteens, pails for collecting the gold 
&c. &c. for sale to enterprising adven- 
turers at low prices by Ellis Tompkins 
& Co., New India-Rubber Warehouse, 
28 John St.” The pails for collecting 
the gold are now but rarely used. 


$5-a-Ton Oxygen 

Metallurgists have been using more 
oxygen in the last decade or so than 
ever before. Compared with air it 
speeds up reactions and thus gives 
added capacity. A considerable fillip 
to this use may result if its cost can 
be cut by any such figure as is indi- 
cated by news of a plant in Texas 
built by Dresser Industries. This plant 
is said to have attained an output of 
more than 175 tons of 90-95% oxygen 
a day at a cost of only $5 per ton. 
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Although this is somewhat lower in 
grade than the 99% oxygen ordinarily 
used in large quantities, the cost is 
only about a tenth as much. The dif- 
ference in grade should not be of any 
particular importance in most metal- 
lurgical processes, but any such dif- 
ference in cost should open up an 
enormous new field of application. 

We have not read the details of the 
new process other than that it depends 
on a low-pressure self-contained cycle, 
using only cooling water and natural 
gas for fuel. Air is compressed to 85 
lb, and then cooled by expansion and 
self-refrigeration. Carbon dioxide and 
other impurities are removed by de- 
position on special aluminum fin-tube 
exchangers, and the oxygen and nitro- 
gen separated in aluminum fractionat- 
ing columns. 


Scientific vs Legal Minerals 


Down in Texas, Mrs. Emilie Heinat 
had willed surface rights to her 400- 
acre farm to a daughter, and the min- 
eral rights to trustees for all of her 
children. When it was found that 
limestone could be produced commer- 
cially on the property, those to whom 
the mineral rights had been willed 
sued for possession of the property. 
The trial court held that limestone is 
a mineral, so the mineral owners 
should have the farm. The Court of 
Civil Appeals disagreed, and the 
Texas Supreme Court upheld the ap- 
peal. The interpretation of mineral 
rights was given by Associate Justice 
Smedley as follows: 

“Substances such as sand, gravel, 
and limestone are not minerals with- 
in the ordinary and natural meaning 
of the word unless they are rare and 
exceptional in character, or possess 
a peculiar property giving them spe- 
cial value, as for examplé sand that 
is valuable for making glass, and 
limestone of such quality that it may 
be profitably manufactured into 
cement. Such substances, when they 
are useful only for building and road- 
making purposes, are not regarded as 
minerals in the generally accepted 
meaning of the word.” 

So, according to the newspaper re- 
port, “Limestone is not a legal min- 
eral, although it may be a scientific 
mineral”! This is just so that our 
readers will be informed of the dis- 
tinction, should they ever be as!.ed. 


An Apposite Title 


Three years ago we suggested that 
the title “Honorable” might better be 
applied to engineers than to lawyers 
and politicians. There was no ap- 
parent stampede to adopt our excel- 
lent suggestion, but we note with 
approval that the seed we sowed at 
that time has finally sprouted. In its 
announcement of “National Presi- 
dent’s Night” on May 2 the Pitts- 
burgh Section of the AIME offers an 
illustrated talk by 

The Honorable Lewis E. Young 

Consulting Mining Engineer 
President AIME 

Even more than Brutus, Dr. Young 
is an honorable man. So are all en- 
gineers, all honorable men. 


We Are Threatened 


One of our Communist members ap- 
parently does not share our expressed 
belief in the last issue that the North 
Atlantic Pact is desirable, for we have 
received an anonymous communica- 
tion in big black print (no skull 
and crossbones however) that says: 
“North Atlantic Pact Means the Be- 
ganing of Wa #III and the End of 
America and You!” [sic] With only 
a slight tremble, we agree that our 
friend may be right, but the alterna- 
tive, as we see it, is to let the Com- 
munists take over the world peace- 
ably, and we prefer to take the chance 
of standing our ground with a gun. 


Gold in the Black Hills 


Robert J. Casey has just published 
a book entitled “The Black Hills and 
Their Incredible Characters,” and 
those interested in the folklore of one 
of our oldest mining districts will find 
much in it of interest. It includes, 
of course, the story of the biggest gold 
mine in the United States, the Home- 
stake, and of other attempts to mine 
gold in the district. “It seems strange 
to me that there should be so little 
successful mining of precious metals 
in these parts today,” the author re- 
ports himself as saying to Chambers 
Kellar, general counsel for the Home- 
stake. “Surely there is as much gold 
in the ground as was ever taken out.” 
“Well,” said Mr. Kellar, “that is one 
theory. The other theory is that there 
isnybys 

The matter was never so clearly 
stated in an AIME T-.P. 


Section 2... 207 


Among the Student Associates 
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This “rogues gallery" represents about half of the 100 members of the Mackay School 
of Mines’ Crucible Club. President A. H. Barrios is seen at extreme left. 


Lafayette College 
The John Markle Society’s last tech- 


nical meeting of the year was held on 
April 26. It was highlighted by a 
spectacular demonstration of velocity 
power tools, given by W. S. McCon- 
nell, of the Mine Safety Appliances 
Co. A slide film, “The Changing 
World,” was also presented, with a 
commentary by William Shaffer, met- 
allurgical engineer of the class of *49. 
Society members wound up the ses- 
sion with the usual refreshments.— 
John Siergiej, Jr., Secretary. 


Louisiana State University 


The reactivated Student Chapter at 
LSU has been busy meeting bi- 
monthly to hear interesting speakers, 
and arranging a student paper con- 
test. Dan Grady, of the Hycalog Co., 
addressed the March 24 meeting, pre- 
senting a paper on “Hydrocarbon Pro- 
files in Mud Logging.” On April 7, 
J. E. Smith, of the Johnston Oil Field 
Service Corp., offered his paper en- 
titled “Drill Stem Testing Procedure 
in Open Hole.” 

The Chapter is now engaged in a 
student paper competition, the win- 
ners of which will present their work 
before the Delta Section, AIME, some- 
time in April.—Mahlon F. Manville, 
Corresponding Secretary. 


Yale University 


At its Dec. 2 meeting, the Yale 
Metallurgical Society was addressed 
by Richard J. Christine, metallurgist 
of the American Brass Co. at Torring- 
ton, Conn. Mr. Christine discussed 
the question of what industry expects 
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of the newly graduated metallurgist. 
The personal relations of the engineer 
in industry were emphasized, and Mr. 
Christine told some of his interesting 
experiences. Following the formal 
address questions were asked and dis- 
cussion ensued. The February 15 
meeting was addressed by I. J. Hook, 
research Engineer of American Brass 
Co., Ansonia, Conn. The Society’s 
President, Denis A. Nankivell, intro- 
duced Mr. Hook, who discussed the 
general aspects of Anaconda copper 
production in the Montana area be- 
fore showing a movie on this subject. 
The movie covered the mining, smelt- 
ing, and refining of copper in the 
district. Mr. Hock concluded his ad- 
dress, and the meeting, with a discus- 
sion period. About twenty-five mem- 
bers attended the meeting. —V oluntine 
T. Potter, Secretary. 


Current Institute Papers 


The following papers in the three jour- 
nals are available to Institute members. 
Each member will receive one classifica- 
tion in the journal of his choice. Mem- 


' bers may obtain papers in the two re- 


maining classifications by purchasing the 
indicated issue of the journal at $0.75 per 
copy. There are no separate copies of 
the individual papers.. ME means Min- 
ing Engineering, JM Journal of Metals, 
and JPT Journal of Petroleum Tech- 
nology. 


Metals Papers 


Cadmium Recovery Practice in Lead 
Smelting. By P. C. Feddersen and H. E. 
Lee. February JM. 


Development of Muffle Furnaces for the 
Production of Zinc Oxide and Zinc at 
East Chicago, Ind. G. E. Johnson. Feb- 
ruary JM. 


The Effect of Orientation Difference on 
Grain Boundary Energies. By. C. G. 
Dunn and F. Lionetti. February JM. 


Solubility Relationships of the Refractory 
Monocarbides. By J. T. Norton and A. L. 
Mowry. February JM. 


Pressure Distribution in Compacting 
Metal Powders. By Pol Duwez and Leo 
Zwell. February JM. 


Preferred Orientation in Rolled and Re- 
crystallized Beryllium. By A. Smigelskas 
and C. S. Barrett. February JM. 


Self-Diffusion in Sintering of Metallic 
Particles. By G. C. Kuczynski. February 
JM. 


Homogeneous Yielding of Carburized 
and Nitrided Single Iron Crystals. By 
A. N. Holden and J. H. Hollomon. Feb- 
ruary. JM. 


The Surface Tension of Solid Copper. 
By H. Udin, A. J. Shaler, and John 
Wulff. February JM. 


The Ionic Nature of Metallurgical Slags 
—Simple Oxide Systems. By John Chip- 
man and Lo-Ching Chang. February JM. 


Properties of Chromium Boride and Sin- 
tered Chromium Boride. By S. J. Sinde- 
band. February JM. 


Magnesium-Lithium Base Alloys—Prepa- 
ration, Fabrication, and General Char- 
acteristics. By J. H. Jackson, P. D. Frost, 
A. C. Loonam, L. W." Eastwood, and 
C. H. Lorig. February JM. 


The Recovery of Cadmium from Cad- 
mium-copper Precipitate By G. H. An- 
derson. March JM. 


Electrolytic Zine at Risdon, Tasmania, 
Major Changes Since 1936. By S. W. 
Ross. March JM. 


The Hardenability Effect of Molybdenum. 
By J. M. Hodge, J. L. Giove, and R. G. 
Storm. March JM 


A Method of Examination of Fine Metal 
Powder Particles with the Electron 
Microscope. By Laurence Delisle. March 
M. 


The Effect of Ferrite Grain Size on Notch 
Toughness. By J. M. Hodge, R. D. Man- 
ning, and H. M. Reichhold. March JM. 


Recrystallization and Microstructure of 
Aluminum Killed Deep Drawing Steel. 
By R. L. Rickett, S. H. Kalin, and J. T. 
MacKenzie, Jr. March JM 
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Precipitation Phenomena in the Solid So- 
lutions of Nitrogen and Carbon in Alpha 
Iron Below the Eutectoid Temperature. 
By L. J. Dijkstra. March JM. 


Concentration of the So. Content of 
Dwight-Lloyd Sintering Machine Gas by 


Recirculation. By W. S. Reid. April 
JM. 

The Crystal Structure of NishW. By E. 
Epremian and D. Harker. April JM. 


Sulphur Equilibria Between Iron Blast 


Furnace Slags and Metal. By G. G. 
Hatch and John Chipman. April JM. 
The Beryllium-iron System. By R. J. 
Teitel and Morris Cohen. April JM. 


Discussion, Institute of Metals Division. 


May JM. 


The Effect of High Copper Content on 
the Operation of a Lead Blast Furnace, 
and Treatment of the Copper and Lead 
Produced. By A. A. Collins. May JM. 


What is Metallurgy? By John Chipman. 
June JM. 


The Sigma Phase in Ternary Cr-Co-Fe 


and Cr-Co-Ni Alloys. By P. A. Beck and 
W. D. Manly. June JM. 


Distillation of Zinc From Copper Base 
Alloys and Galvanizers Drosses. By F. F. 
Poland. June JM. 


Cadmium Recovery Practice at _ the 
Donora Zinc Works. By G. T. Smith and 
R. C. Moyer. June JM. 


The Statistical Nature of the Endurance 
Limit. By J. T. Ransom and R. F. Mehl. 
June JM. 


Investigation of Temper Brittleness in 
Low-alloy Steels. By S. A. Herres and 
A. R. Elsea. June JM. 


Oriented Arrangements of Thin Alumi- 
num Films on Ionic Substrates. By T. N. 


Rhodin, Jr. June JM. 


P-type and N-type Silicon and the For- 
mation of the Photovoltaic Barrier in 
Silicon Ingots. By J. H. Scaff, H. C. 
Theuerer, and E. E. Schumacher. June 
JM. 


Microstructures of Silicon Ingots. By 
W. G. Pfann and J. H. Scaff. June JM. 


- Mining Papers 


Alluvial Tin Mining in Malaya. By A. D. 
Hughes. March ME. 


Sampling of Coal for Float and Sink 
Tests. By A. L. Bailey and B. A. Landry. 
March ME. 


Drilling Blastholes at the Holden Mine 
with Percussion Drills and Tungsten Car- 
bide Bits. By E. A. Youngberg. March 
ME. 


Aerial Photographic Contour Maps for 
Strip Mines. By George Hess and R. H. 
Swallow. April ME. 


Drying of Low-rank Coals in the En- 
trained and Fluidized State. By V. F. 
Parry, J. B. Goodman, and E. O. Wagner 
April ME. 


Coal Washing in Colorado and New 
Mexico. By J. D. Price and W. M. Bert- 
holf. April ME. 


The Rupp-Frantz Vibrating Filter. By 
W. M. Bertholf and J. D. Price. April 
ME. 


Synthetic Liquid Fuels from Coal. By 
J. D. Doherty. April ME. 


Drilling and Sampling Unconsolidated 
Materials. By L. W. Dupuy. May ME. 


Effects of Rod Mill Speed at Tennessee 
Copper Co. By J. F. Myers and F. M. 
Lewis. May ME. — 


a 
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Temperature Compensation of Old Type 
Askania Magnetometers. By T. Koulom- 
zine. May ME. 


Municipal Water Needs vs. Coal Mine 
Stripping. By G. M. Dexter. May ME. 


Correlation of the Performance Charac- 
teristics of Domestic Stoker Coals With 
Their Chemical and Petrographic Com- 
position. By R. J. Helfinstine and G. H. 
Cady. May ME. 


Ready-Made Heat From Coal. By D. W. 
Loucks. May ME. 


Sinking With the Hydro-mucker at 
Mather “B” Shaft. By J. S. Westwater. 
June ME. 


Diamond Drilling Quartz-feldspar Inter- 
growths. By L. C. Armstrong. June ME. 


Safety Practices at the Crestmore Mine 
of the Riverside Cement Co. By R. H. 
Wightman and G. H. Adams. June ME. 


Sintering Characteristics of Minus Sixty- 
five and Twenty Mesh Magnetite. By 
Alan Stanley and J. C. Mead. June ME. 


Humphreys Spiral Concentration on 
Mesabi Rrange Ores. By W. E. Brown 
and J. J.erck. June ME. 


Formation and Properties of Single Crys- 
tals of Synthetic Rutile. By C. H. Moore, 
Jr. June ME. 


Coal Washing in Washington, Oregon 
and Alaska. By M. R. Greer and H. F. 
Yancey. June ME. 


A Study of Coal Classification and Its 
Application to the Coking Properties of 
Coal. By Michael Perch and C. C. Rus- 
sell. June ME. 


An Evaluation of the Performance of 
Thirty-three Residential Stoker Coals. 
By J. B. Purdy and H. W. Nelson. June 
ME. 


Work of the U. S. Geological Survey on 
Coal and Coal Reserves. By Paul Averitt. 
June ME. 


Petroleum Papers 


Semi-automatic Power-Operated Drilling 
Machinery. By M. E. True and B. L. 
Stone. February JPT. 


The Core Recorder. By Clark Millison. 
February JPT. 


Capillary Pressures—Their Measurement 
Using Mercury and the Calculation of 
Permeability Therefrom. By W. R. Pur- 
cell. February JPT. 


Effects of Transient Conditions in Gas 
Reservoirs. By D. T. MacRoberts. Feb- 
ruary JPT. 


Outline of Weather and Wave Forecast- 
ing Techniques. By A. H. Glenn and 
J. E. Graham. February JPT. 


A Study of Oil and Gas Conservation in 
the Pickton Field. By J. R. Welsh, R. E. 
Simpson, J. W. Smith, and C. S. Yust. 
March JPT. 


Methane Hydrate at High Pressure. By 
Riki Kobayashi and D. L. Katz. March 
JPT. 


Method of Establishing a Stabilized Back- 
pressure Curve for Gas Wells Producing 
From Reservoirs. of Extremely Low Per- 
meability. By E. R. Haymaker, C. W. 
Binckley, and F. R. Burgess. March JPT. 


Gas Hydrates of Carbon Dioxide-Me- 
thane Mixtures. By C. H. Unruh and 
D. L. Katz. March JPT. 


Gas Hydrates of Carbon Dioxide-Methane 
Mixtures. By C. H. Unruh and D. L. 
Katz. April JPT. 


Gulf of Mexico Floating Drilling Tender. 
By C. P. Besse and G. W. Osborne. 


April JPT. 


Estimation of Reserves and Water Drive 
From Pressure and Production History. 
By E. R. Brownscombe and Francis Col- 
lins. April JPT. 


Relation Between Pressure and Recovery 
in Long Core Water Floods. By J. N. 
Breston and R. V. Hughes. April JPT. 
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News of AIME Members 
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Harry L. Kirkpatrick 


Two more outstanding coal mining 
students, Harry L. Kirkpatrick of the 
University of Kentucky, and Alvey B. 
Rushton, of Lehigh University, have 
been honored by the Old Timers Club 
for scholastic excellence and evidence of 
being “likely to succeed.” In addition, 
the Club has chosen George R. Eadie 
for citation as the outstanding 
mining graduate of the year. 


most 


Mr. Kirkpatrick, who will receive his 
B.S. degree in June, was awarded an 
engraved gold watch at a general engi- 
neering assembly on Feb. 10 by E. R. 
Price, chairman of the AIME Coal 
Division. The lucky recipient is from 
Lexington, Ky., married, and the grand- 
son of Harry L. Kirkpatrick, long prom- 
inent in the Western Kentucky coal 
industry. 


Mr. Rushton hails from New Kensing- 
ton, Pa., and is following in his family’s 
footsteps in entering the coal industry. 
He’s a veteran of two years’ wartime 
service with the Marines, and was elected 
to Tau Beta Pi at Lehigh, which school 
he entered in 1944. J. Ray Ulrich made 
the gold watch award on March 24. 


Mr. Eadie graduated from the Uni- 
versity of Illinois in February of this 
year, and is now employed by the H. C. 
Frick Coal Co., Pittsburgh. His three 
years in the Army Air Forces followed 
a stint at the University of Southern 
Illinois, and then postwar studies brought 
him to the Missouri School of Mines, 
which he attended until 1948. Last sum- 
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Alvey B. Rushton 


mer he worked in the engineering de- 
partment of the Mt. Olive and Staunton 
Coal Co., before returning te the Uni- 
versity to take his degree. Paul Weir, 
president of the Old Timers Club, and 
head of the Paul Weir Co., Chicago, 
made the award, an engraved gold pocket 
watch, at the March 8 meeting of the 
Mineral Industries Society. 


James Boyd, Director of the U. S. 
Bureau of Mines, will be the principal 
speaker at the Montana School of Mines 
Commencement exercises on June 10. 


R. K. Comann in November of last 
year was transferred from the U. S. 
Gypsum Company’s Plaster City, Calif., 
plant to the home office in Chicago. 
Since that time he has been in the 
engineering department and now is work- 
ing at the Staten Island, N. Y., plant. 


_ Walter B. Jones, state geologist of 
Alabama, was elected president for 1949- 
1950 of the Association of American 
State Geologists at its annual meeting 
in San Francisco. He sneceeds Garland 
Peyton, director of the Georgia Depart- 
ment of Mines, Mining, and Geology. 


Harry L. McKelvey has left La Luz 
Mines Ltd., Siuna, Nicaragua, to accept 
the post of mine superintendent with 
the New Idria Honduras Mining Co. at 
Santa Rosa de Copan, Honduras. 


John A. Reeves, former University 
of Utah student, is assistant mining en- 
gineer for the Independent Coal and 
Coke Co., Kenilworth, Utah. 


George R. Eadie 


Jack W. Reinhart is a junior geolo- 
gist for the American Smelting and Re- 
fining Co., Silver City, N. Mex. 


A. E. Ring retired from active ser- 
vice as manager of the Southwestern 
division of the Western mining depart- 
ment of the American Smelting and 
Refining Co. on March 1. He is at 
home at 2001 E. Elm St., Tucson, Ariz. 


K. A. Rogers has moved to Phoenix, 
Ariz., from Chippewa Falls, Wis. He had 
been with the Bureau of Mines and is 
now engineer with the Davis Dam Trans- 
mission System, Parker Dam, Calif. 


James A. Ross has been elected 
first vice-president of the Industrial Dia- 
mond Association of America. 


Morris E. Sandvig, University of 
Minnesota man, is a testing engineer 
for the Erie Mining Co., Aurora, Minn. 
His mailing address is Box 147, Aurora. 


John T. Schimmel is time study en- 
gineer for the Consolidation Coal Co., 
Rivesville, W. Va., and can be reached 
at 108 Chicago St., Fairmont, W. Va. 


Howard G. Schoenike is a geologist 
with the M. A. Hanna Co. at Iron River, 
Mich. He was previously employed as 
a geologist for Butler Brothers, who re- 
cently sold their interest to M. A. Hanna. 


Dorner T. Schueler, Jr., has the 
job of engineer with the Industrial Min- 
erals and Chemical Co., Berkeley, Calif., 
and is addressed in that city at 1155 
Calusa Ave. 
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U. S. Smelting Staff Changes at Midvale 


Robert Wallace retired on April 1 
as manager of the Midvale plant of the 
U. S. Smelting Refining and Mining Co. 
after 33 years of continuous service with 
the Company, Jan. 13; 
1916, when he was employed as general 
roaster foreman. By 1924 he was super- 
intendent of the Midvale plant and in 
1939 he became its 


beginning on 


manager. He now 
winds up 44 years of interesting work 
and achievement in the mining and 


smelting industry. After graduating from 
Harvard in 1905 he went to work in the 
engineering department of the Cleveland- 
Cliffs [ron Co., departing from Ishpem- 
ing for Old Mexico where he was min- 
ing engineer for the AS&R at their 
properties in Santa Eulalia and Sierra 
Mojada. Back in the States in 1909, he 
worked for the Mammoth Copper Co., 
and the American Zinc, Lead and Smelt- 
ing Co. In 1914 he went to Utah to 
work at the Utah Apex in Bingham as 
a metallurgist in the concentrator. Mr. 
Wallace recalls that while he was metal- 
lurgist of the mill during 1914 and 1915 
flotation machines were installed to ex- 
tract lead minerals from the ore and 
this, he believes, was the first applica- 
tion of flotation to concentrate lead ores 
that was made in the State of Utah. 


Hugo L. Johnson became general 
superintendent of the Midvale plant of 
the U. S. Smelting Refining and Mining 
Co. on April 1 and has direct charge of 
all operations of the plant and of the 
ore purchasing department formerly han- 
dled by Mr. Wallace. Mr. Johnson started 
with the Company 33 years ago as a 
draftsman in a subsidiary, the U. S. S. 
Lead Refinery. In 1918 he was made 
supervisor of the employe service depart- 
ment and four years later became su- 
perintendent of the silver refinery. In 
1931 supervision of the engineering and 


maintenance department was added to 
his duties. He then transferred to Utah 
as superintendent of the gold and silver 
parting plant at Midvale which was built 
in 1933 along with the Parkes process 
lead refinery. Continuing his upward mo- 
tion, he was in charge of the construc- 
tion and operation of a pilot zinc plant, 
night superintendent at Midvale, assistant 
smelter superintendent, and in 1946 was 
made assistant to the manager of ,the 
plan, which position he held until his 
recent promotion. 


Archie A. Nelson, who has been 
research engineer and who will continue 
to direct that work, has; been appointed 
assistant smelter superintendent. He 
succeeds W. M. Whitecotton, who has 
been assistant smelter superintendent and 
in charge of blast furnace operations, 
and who requested that he be relieved 
of the responsibility of these posts be- 
health. Mr. Whitecotton 


will remain at the plant as research 


cause of his 


engineer. Mr. Nelson has been with the 
Midvale plant for the past twenty years 
except for six years as mill superin- 
tendent and assistant manager of a com- 
pany subsidiary, MicMac Mines Ltd. in 
Canada. Mr. Whitecotton was 
of the cadmium plant of Midvale in 
1915 and 1916, after which he was with 
the Electrolytic Zinc Co. of Australasia 
as superintendent of its zinc plant at 
Hobart, Tasmania, until 1922 when he 
returned to this country. After eleven 
years in various places, he returned to 
Midvale as roaster superintendent. 


M. J. Belich has become general 
roaster foreman at Midvale. He 
worked there since he finished his studies 
at the University of Utah on the 1939 
W. H. Eardley scholarship in metallurgy 
awarded by the Company. Since 1946 
he has been night superintendent. 


foreman 


has 


SN 


John F. Schultze is a metallurgist 
in the Leadville milling unit of the 
American Smelting and Refining Co., 
Leadville, Colo. He receives his mail 
there at Box 27. 


R. R. Schultz has resigned from his 
post with the Nordberg Mfg. Co. to be- 
come sales manager of the Willamette 
Iron and Steel Co., Portland, Oreg. 


John E. Schumacher, Jr., although 
addressed at P. O. Box 689, Pottsville, 
Pa., is a field geologist for the Stanolind 
Oil and Gas Co., Casper, Wyo. 


Henry E. Schweinsberg, former 
vice-president and sales manager of the 
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Fields Mfg. Co., is president of CAR- 
BIT. Inc., Highland Bldg., Pittsburgh 
6. Pa. 


George C. Selfridge has been ap- 
pointed mine superintendent of the Fres- 
nillo and Zacatecas mines of the Fres- 
nillo Co., Fresnillo, Zac., Mexico. He 
was formerly associated with the Man- 
hattan District and the Atomic Energy 
Commission as chief of the exploration 
branch, raw materials division. 


Paul Semkeo is chief of party of the 
geophysical exploration division of the 
Pennsylvania Turnpike Commission, do- 
ing geophysical field operations and -arth 


resistivity determinations. His address is 
646 Warren Ave., Kingston, Pa. 


Arthur E. Shannon is sales engi- 
neer for the Jeffrey Mfg. Co., with a 
mailing address at P. O. Drawer 1078, 
Morgantown, W. Va. 


Charles Gottschalk 


Charles Gottschalk spent a month 
this spring in the States visiting his 
son and family in Baltimore after com- 
pleting a two-year assignment in Japan 
as consultant on coal production prob- 
lems. He is attached to the economic sec- 
tion of Military Government and ex- 


pected to report back for duty early in 
May. 


Ely Silverman, of the Tennessee 
Copper Co., is in Oak Ridge, Tenn., 
studying the techniques of using radio- 
isotopes in research. He is one of 32 
scientists from the States and several 
foreign countries enrolled in the seventh 
in a series of one-month courses offered 
by the Oak Ridge Institute of Nuclear 
Studies. 


Raymond L. R. Slacke is employed 
by the National Coal Board, West Mid- 
lands division, in the capacity of area 
coal preparation engineer, Shropshire 
and South Staffordshire area, England. 


R. Cecil Smart presented his paper 
on the Restoration of Productive Eff- 
ciency in Britain’s Coal Industry before 
the Economic Reform Club and also 
before the Association of Colliery Man- 
agers, on Feb. 10. The paper's value 
was attested by the fact that a number 
of members of the National Coal Board 
attended his lecture, including represen- 
tatives from the London office of the 
Board. His papers will be published in 
the proceedings of the National Asso- 
ciation of Colliery Managers and quoted 
in the Iron and Coal Trade Review. 


C. T. Smith, after 32 years as secre- 
tary and treasurer of the Missouri Co- 
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Mr. Mudd receiving citation for Egleston Medal from C. P. Davis, president of Co- 
Jumbia's Engineering School Alumni Association. 


Harvey S. Mudd spoke on the im- 
portance of physical metallurgy in coun- 
teracting the depletion of our mineral 
resources at a meeting of the Columbia 
University Engineering School Alumni 
Association at which he was awarded 
the Egleston Medal for distinguished en- 
gineering achievement. He said in part: 

“The second World War has given 
rise to much debate about the exhaus- 
tion of our mineral resources and in the 
name of conservation many measures 
have been proposed. That exhaustion is 
taking place cannot be denied. It is the 
rate of exhaustion that now gives con- 
cern, and properly so, but it should not 
be viewed with too great alarm. 

“I cannot convince myself that the 
advance of civilization will be retarded 
by a deficiency of mineral resources, 
providing one condition is met, which 
condition is that research in the funda- 
mental and applied sciences and engi- 
neering is wisely and generously sup- 
ported. Our physical metallurgists are 
offering new alloys and new processes 
that give materials having superior prop- 


erties to engineers with which to work 
and it is incumbent upon the engineers 
to make the best use of them, always 
with the future in mind.” 

In discussing his talk Mr. Mudd ex- 
pressed concern over the relatively few 
students being graduated in metallurgi- 
cal engineering as compared to other 
fields of engineering, and the need for 
metallurgical engineers in research and 
industry. He noted that research work 
required a particular type of individual 
with postgraduate training. Research 
work being done now in universities not 
only produced needed information but 
either directly, or through the faculty, 
helped to teach research techniques and 
helped universities to hold some excep- 
tionally talented faculty that they could 
not otherwise hold. 

He commented on the rapid industrial 
recovery being made in many of the 
western European countries. He was op- 
posed to both direct subsidies and high 
tariffs, and pointed out that under nor- 
mal conditions both were extravagant 
and interfered with free enterprise. 


I 


balt Co. of Fredericktown, Mo., has re- 
signed that post and now has retired 
from active business. Previous to joining 
Missouri Cobalt, he was accountant for 
El Oro Mining and Railway Co. at El 
Oro, Mexico. Mr. Smith can be reached 
at 118 E. Coolidge St., Harlingen, Texas. 


Richard A. Smith retired as state 
geologist on the Michigan Geological 
Survey in 1946. Now he is special lec- 
turer in geology at Michigan State 
College and is doing consulting work. 


Robert E. Sorenson has been made 
chief engineer of the Hecla Mining Co. 
at Wallace, Idaho. 
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H. A. Steane has been appointed to 
the post of mill superintendent of Uru- 
wira Minerals Ltd., Mpanda, via Uvinza, 
Tanganyika. 


J. B. Stapler recently received ap- 
pointment as managing director of Mars- 
man Hongkong China, Ltd., P. 0. Box 
500, Hongkong & Shanghai Bank Bldg., 
Hongkong. Mr. Stapler has been with 
the Marsman interests for sixteen years 
and prior to the war was one of the 
senior engineers of Marsman & Co. The 
rapid development of mines such as Ito- 
gon, San Mauricio, and United Paracale, 
was largely due to his capable direction. 


Since his return from internment he has 
been a director of Marsman Investments, 
Ltd., and connected with the Marsman 
Co. of California directing from San 
Francisco the operations on Okinawa. 
Mr. and Mrs. Stapler departed on the 
President Cleveland March 9 for Hong- 
kong where Mr. Stapler will take over 
his new duties. 


Forest J. Sur, mining engineer and 
geologist formerly with the Bureau of 
Mines and now with Joe T. Juhan, re- 
cently completed a six-month examina- 
tion and report on an oil shale project 
near Meeker, Colo., for Juhan and Asso- 
ciates. This done, he went to Farmington, 
N. Mex., to complete a reconnaissance 
of San Juan County, with the object of 
choosing sites for drilling deep wells to 
Pennsylvanian formations. He _ spent 
seven months on this work last year. 


William H. Swayne, formerly in the 
geological department of the Anaconda 
Copper Mining Co., has gone to San- 
tiago, Chile, as exploration geologist for 
Cia. Sud Americana Exploradora de 
Minas. 


Ray E. Tower has resigned as gen- 
eral superintendent of the Mica Moun- 
tain Mines, South Pass City, Wyo. His 
new address is 621 S. W. Temple St., 
Salt Lake City, He is currently inter- 
ested in mine development in _ the 
Masonic area, Mono County, Calif., and 
in the Tintic area in Utah. 


Max A. Tuttle for the past 22 years 
has been employed by the Knox Con- 
solidated Coal Corp. On Dec. 16, 1948, 
he became associated with the Enos 
Coal Mining Co., 1405 Merchants Bank 
Bldg., Indianapolis 4, Ind. 


Gailen T. Vandel has accepted a 
post with the Cerro de Pasco Copper 
Corp. in Peru and expected to leave the 
States early in March. 


Roy Van Zante, who was addressed 
at the Bureau of Mines in Rolla, Mo., 
can now be reached at the U. S. Vana- 
dium Corp., Rifle, Colo. 


L. A. Walker returned to Salt Lake 
City in March from a two-month pro- 
fessional trip to Colombia. Traveling to 
his destination in the Andes near the 
border of Ecuador his modes of trans- 
portation scaled from -plane to auto and 
finally to mule. He stopped over long 
enough to meet members in Medellin, 
Cali, and Pasto. 


S. Power Warren wishes to advise 
his friends that he has returned to 
Washington, D. C., after speriding most 
of the first three months of the year 
studying the various mines and _phos- 
phate matrix treating plants of the 
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Florida field. During his stay he at- 
tended the meetings of the local phos- 
phate group of the AIME and reports 
that the meetings were well attended by 
representatives of all the operating com- 
panies and the programs were enjoyable. 
His 


ing 


advice to the members contemplat- 
a trip into this field is that they 
arrange their schedule to be there the 
first Monday of the month because at 
no other time will so many members be 
available in one place. 


Donald R. Wells, of 153 Fallis Rd., 
Columbus 2, Ohio, is employed at Bat- 
telle Memorial Institute as a laboratory 
technician in the 


electron microscopy 


division. 


Richard H. Wesley, with his two 
partners, after several years’ study of 
the field, have gone into the consulting 
geological engineering business as Wes- 
ley, Bedford and Stickel, 2370 Penob- 
scot Bldg., Detroit 26, Mich. Mr. Wesley 
writes: “We are in a position to carry 
on any type of exploration work any 
place in the world. This includes air- 
borne geophysical work. Our laboratories 
are equipped for analyses of mining, 
petroleum products, and complete studies 
in soil mechanics. We can carry on 
spectrographic, petrographic, and core 
testing analyses. Our activities are not 
only confined to mining and petroleum, 
but also embrace preliminary studies for 
any major civil engineering project.” 


Joseph L. Walker, Jr., holds down 
the job of research mining engineer with 


the Rimersburg Coal Co., Rimersburg, 
Pa. 


Robert Weagel, formerly shift fore- 
man of the U. S. Section of the U. S. 
Smelting Refining and Mining Co., was 
appointed assistant general mine fore- 
man of the section on Feb. 1. 


J. P. Weir received the degree of 
bachelor of science in mining engineer- 
ing at the midwinter commencement 
exercises of the Pennsylvania State Col- 
lege. At the same exercises, the techni- 
cal degree, engineer of mines, was con- 
ferred upon his father, Paul Weir. 
Mr. Weir is now associated with his 
father in his consulting mining engineer- 
ing firm, the Paul Weir Co. 


Henry P. Whaley has the job of 
testing engineer with the Erie Mining 
Co., Hibbing, Minn. 


A. D. Wilks was appointed superin- 
tendent of the Ordnance Factory, Katni 
(C.P.) India; over a year ago. 


James W. Wivell has joined the 
staff at the Embarrass iron mine of 
Pickands Mather & Co. 
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Edward H. Snyder, president of the 


Combined Metals Reduction Co., Salt 


Lake City, was elected president of the 
Zine 


American Institute at 


the annual 


H. |. Young shows his successor as presi- 
dent, E. H. Snyder, a clock given him by 
the institute in token of his long service. 


meeting of the board of directors, suc- 
ceeding Howard I. Young, who has 
held the office since 1935. New _ vice- 


presidents include George Mixter, vice- 


president of the U. S. Smelting Refining 
and Mining Co., Boston, and Raymond 
F. Orr, president and general manager 
of the Athletic Mining and Smelting Co., 
Ft. Smith, Ark. Erle V. Daveler, vice- 
president of the American Zinc, Lead 
and Smelting Co., New York City, was 
elected treasurer and Ernest V. Gent 
reelected 


was executive 


vice-president 
and secretary. To serve as directors un- 
til 1952 are A. E. Bendelari, O. W. 
Bilharz, C. M. Chapin, Jr., and S. H. 


Levison. 


L. E. Young visited the McLeod 
River property of Canadian Collieries 
(Dunsmuir) Ltd., Nanaimo, B. C., the 
first week in April, thence proceeding 
to the Vancouver Island headquarters 
of the Company for an inspection of 
properties and consultation with H. R. 
Plommer, managing director. 


¢ In the Metals Divisions 


Paul H. Anderson received his M.S. 
degree on March 17 from the University 
of Minnesota, where he majored in metal- 
lography, and minored in industrial en- 
gineering. The title of his thesis is “Hot 
of Low Carbon Steels.” 
He intends to remain at the university 
to work toward a Ph.D. degree. 


Dip Tinning 


Bernhard Blumenthal, formerly re- 
search metallurgist with the American 
Works, Newark, N. J., has 
joined the staff of the Argonne National 
Laboratory, Chicago, IIl., as an associate 


Platinum 


metallurgist. 


Chester L. Brown can now be 
reached at the production division of the 
development and research department of 
the Continental Oil Co., Ponca City, 


Okla. 


D. S. Cameron has been made open 
hearth superintendent of the Wickwire 
Spencer Steel Division of the Colorado 
Fuel and Iron Corp. Buffalo plant. 


Harry A. Campbell, executive engi- 
neer for Fredric Flader, Inc., manufac- 
turer of gas turbines, receives mail at 
341 Goundry St., Apt. 4, N. Tonawanda, 
NY. 


Gregory J. Comstock, director of 
research of the powder metallurgy labo- 
ratory at Stevens Institute of Technology, 
left on April 5 by military transport for 
a month’s stay in England, Germany, and 
Austria, on a commission for the Bureau 
of Ships of the U. S. Navy Department. 
The purpose of the visit was to discuss 
parallel research projects with British 
Governmental agencies. He visited the 
Edelstahlwerke and Verienegeste-Stahl- 
werke plants in Germany to studv the 


current industrial application of chro- 
mizing. During the recent war, Professor 
Comstock served in Germany for the 
U. S. Joint Chiefs of Staff. Returning to 
this country, he was connected with the 
FEA and later with the U. S. Depart- 
ment of Commerce. Professor Comstock, 
on the Stevens staff since 1939, occupies 
the first chair of powder metallurgy es- 
tablished in any institution of learning 
in the States. 


Minu N. Dastur has the job of 
metallurgical staff assistant with H. A. 
Brassert & Co., New York City. 


Robert B. Day, now with the Linde 
Air Products Co., New York City, is in 
the Company’s cylinder inspection and 
maintenance department as inspector for 
purchasing of pressure vessels. 


Gerhard Derge and Frederick N. 
Rhines have been appointed to full pro- 
fessorships in the department of metal- 
lurgical engineering, college of engineer- 
ing and science at Carnegie Institute of 
Technology effective Sept. 1. Both men 
joined the Carnegie staff in 1934. Dr. 
Derge, who graduated from Amherst and 
received his Ph.D. from Princeton, is a 
member of the Electric Furnace Steel 
Conference Committee of the Iron and 
Steel Division, AIME. Dr. Rhines, a 
Michigan and Yale graduate, is the Alu- 
minum Co. of America professor of 
light metals and a two-time winner of 
the Institute of Metals award. 


Denton T. Doll joined the staff of 
the chemistry and metallurgy division of 
the University of California Los Alamos 
Scientific Laboratory on April ll. He 
had been with the Brush Beryllium Co. 
in Cleveland. 
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Kenneth L. Erickson is employed 
as a chemist in process research by the 
Basic Reduction Co., Henderson, Nev. 


Clyde R. Tipton, Jr. 


Clyde R. Tipton, Jr., joined the 
stafl of the chemistry and metallurgy 
division of the Los Alamos Scientific 
Laboratory, P. O. Box 1663, Los Ala- 
mos, N. Mex. He had been with Bat- 
telle Memorial Institute. 


R. R. Estill has been made general 
superintendent of the fluorspar division 
of the U. S. Coal and Coke Co. at 
Mexico, Ky., replacing K. A. Johnston, 
who was transferred to the construction 
division at Lynch, Ky., on March 15. 


J. Leon Gittlen is president and pro- 
duction manager of the Consumers Metal 
Corp., smelters and refiners of metals, 
Detroit. 


Lawrence G. Glasglow, although 
still employed in the materials labora- 
tories of Chance Vought Aircraft, is 
reached now at 1113 Canterbury Ct., Dal- 
las, Texas, since the company has moved 
from Stratford to Dallas. 


Richard A. Gorski is foreman relief 
trainee in the blast furnace division of 
the Gary works of the Carnegie-Illinois 
Steel Corp. His address is 4447 Grant 
St., Gary, Ind: 


Charles H. Homer, Jr., formerly 
plant superintendent of the Beaumont 


Tron Works Co. at Beaumont, Texas, has 
been transferred to the Dunkirk, N. Y., 
plant of the parent organization, Ameri- 
can Locomotive Co., Alco products divi- 
sion, where he assumes the duties of 
chief quality control engineer. The Dun- 
kirk plant produces heat exchangers, 
pressure vessels, prefabricated pipe, 
large diameter pipe and other equipment 
for the petroleum, chemical, and allied 
industries. Mr. Homer’s new mailing ad- 
dress is 353 Temple St., Fredonia, N. Y. 

Carl H. Himmelman is a super- 
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visory trainee with the Timken Roller 
Bearing Co. at Canton, Ohio. 


Harry K. Ihrig, vice-president and 
director of laboratories of the Globe 
Steel Tubes Co., Milwaukee, Wis., re- 
ceived a citation for distinguished ser- 
vice in engineering from the College of 
Engineering of the University of Wis- 
consin at Madison on March 15. 


Paul Linz resigned as a partner of 
Carl M. Loeb, Rhoades & Co. effective 
April 30, to become personal assistant 
to Dr. Mauricio Hochschild in all enter- 
prises with which he is connected. 


Roger D. Moeller joined the staff of 
the chemistry and metallugy division of 
the University of California Los Alamos 
Scientific Laboratory on March 21. He 
had been with the Sharples Corp. re- 
search laboratory in Philadelphia. 


Claude R. Monlux graduated from 
Yale in February and is now employed 
in a training capacity by the Ohio Steel 
Foundry Co. of Springfield, Ohio. 


Norman F. Tisdale 


Norman F. Tisdale, chief metal- 
lurgical engineer of the Molybdenum 
Corp. of America since 1933, has been 
made, manager of sales. A native Ca- 
nadian and graduate of Queen’s Uni- 
versity, Kingston, Ont., he is well known 
in the iron and steel industry. 


David P. Moore, of 68 Muskoka Rd., 
Grosse Pointe Farms 30, Mich., is metal- 
lurgist for the Hudson Motor Car Co., 
Detroit, Mich. 


Thomas C. Nelson, Jr., is metal- 
lurgist for the General Electric Co. at 
the Hanford works in Richland, Wash. 


William H. Nikola, who lives at 
83 Highland Ave., Jersey City, N. J., 
is quality control engineer for the West- 
inghouse Electric Corp. 


Leon V. Omelka is working as test- 


ing engineer for the Permanente Metals 
Corp., Trentwood, Wash. His mail goes 
to S. 4114 Ivory, Spokane, Wash. 


Joseph R. Patterson, Jr., is at 468 
Market St., Beaver, Pa., working for 
the Babcock and Wilcox Tube Co. 


Burton C. Person, of 315 St. Louis 
St., Baton Rouge, La., is metallurgist in 
the Louisiana division of the Esso 
Standard .Oil Co. 


Fred P. Peters, editor-in-chief of 
Materials & Methods, has been made 
vice-president and publishing director of 
the book division of the Reinhold Pub- 
lishing Corp., New York City 18. 


Chester F. Robards is research 
metallurgical engineer on aircraft en- 
gines at the NACA Lewis Flight Pro- 
pulsion Laboratory, Cleveland. He lives 
at 14029 Gramatan Ave., Cleveland 11, 
Ohio. 


Leonard W. Rothe is a metallurgical 
trainee with the Armco Steel Corp., 
Middletown, Ohio. His home address is 
2205 Lamberton St., Middletown. 


Philip S. Savage, Jr., is working for 
the McCallum Bronze Co., Buffalo, N. Y. 
His address there is 242 4th St. 


Arthur B. Shuck, formerly a _ re- 
search metallurgist with the metal prod- 
ucts division of the Koppers Co., is now 
in the metallurgical section of the Ar- 
gonne National Laboratory. 


John A. Swift has formed the Swift 
Industrial Chemical Co., Hartford 1, 
Conn., to manufacture a complete line of 
chemical and metallurgical materials for 
metal cleaning, blackening, and _ heat 
treating. Mr. Swift has had extensive 
experience in the metal manufacturing, 
fabricating, and processing industries, 
having done work for the Western Elec- 
tric Co., the American Steel and Wire 
Co., the Billings and Spencer Co., and 
the Heatbath Corp. In addition to his 
industrial experience, he has organized 
and instructed metallurgical 
courses for evening divisions of the Hill- 
yer College, New Haven Junior College, 
and the University of Connecticut. A 
registered metallurgical engineer in Con- 
necticut, he is also engaged in consulting 
on heat treating, testing, surface finish- 
ing and treating, and fabricating of 
metals and metal products. Recently he 
served on the New England AIME Com- 
mittee for the 1949 Regional Conference 
held in Springfield, Mass. 


J. D. Swindale has left the Mond 
Nickel Co. and has resumed his war- 
interrupted studies at Birmingham Uni- 
versity, Edglaston, Birmingham 15, 
England. 


various 
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E. T. Turkdogan was _ recently 
awarded the degree of Master of Metal- 
lurgy in recognition of his research work 
on slag metal reactions at the University 
of Sheffield, Sheffield, England. 


Joe G. Uzelac, formerly a student 
at the University of Utah, is working 
for the Denver Equipment Co., Denver, 
Colo., as a metallurgical engineer. 


Ralph L. Wilcox, metallurgical engi- 
neer and vice-president of the Gerity- 
Michigan Corp., is now serving on loan 
from his company as chief of the non- 
the ECA in 
Mr. Wilcox says he 


ferrous metals branch of 
Washington, D. C. 
would welcome a visit from any of his 


old WPB friends. 


Tzuliang Wu is research engineer at 
the Institute of Industrial 
Syracuse University, Syracuse, N. Y. 


Research, 


¢ In Petroleum Circles 


Bernard W. Allen, former Colorado 
School of Mines student, has become a 
petroleum engineer with the Ohio Oil 


Co., Box 530, Cody, Wyo. 


Joseph A. Buland, Jr., is currently 
employed by the Baroid Sales Division 
of the National Lead Co. as drilling mud 
service engineer in southwestern Wy- 
oming. His mailing address is in care 
of the Teton Hotel, Riverton, Wyo. 


John H. Dante is geologist and pro- 
duction manager with F. G. Fox and 
W. J. Fox of Owensboro, Ky. His ad- 
dress there is 829 Griffith Ave. 


Harry Dereniuk, formerly with the 
Republic National Gas Co., is now with 
the Conroe Drilling Co., Corpus Christi, 
Texas, as a petroleum engineer. 


Hal B. Fullerton, Jr., is an engi- 
neer in training with The Texas Co. at 
Long Beach, Calif. He lives at 336 
Prospect Ave., Long Beach. 


James R. Graham, after graduating 
from Louisiana State in January, ac- 
cepted a job as petroleum engineer with 
the Standard Oil Co. of Texas. At pres- 
ent he is located in the Western divi- 
sion office in Midland, Texas. 


Edward A. Gribi, Jr., finished his 
studies at Stanford last December and 
has been employed as a geologist by the 
Sinclair Petroleum Co. for exploration 
work in Ethiopia. 


John J. Jakosky, Jr., is engineer 
with International Geophysics Inc., 1063 
Gayley Ave., Los Angeles 24. 


Robert Kamon, former University of 
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Texas student, is a junior partner in the 


firm, Kamon Petroleum Exploration, 


Texas. 


Cisco, 


W. D. Beach 


W. D. Beach, petroleum 
with the Gulf Oil Corp., recently joined 
the reservoir 


engineer 
section of the executive 
department in Houston, Texas. He was 
formerly with the Gulf production divi- 
sion of the Gulf Refining Co. at Laurel, 
Miss. 


uate and served as secretary-treasurer of 


Mr. Beach is a Penn State grad- 


the Mississippi Subsection of the Delta 
Section, AIME, for the last half of 1948. 


Julie Anne Klovstad 


Julie Anne Klovstad, formerly geol- 
ogist with the Shell Oil Co. at Jackson, 
Miss., is now doing consulting work in 
eastern Colorado as well as working 
toward a Ph.D. degree at the University 
of Colorado. She may be reached at 
1135 University Ave., Boulder. 


Philip Kraft resigned as a director 
of the Magma Copper Co. last Decem- 
ber 15. 


Frank E. Long graduated from the 
University of Oklahoma with a degree 


in petroleum engineering and at present 
is employed by the Magnolia Petroleum 
Co. as an engineer trainee. His address 
is General Delivery, Falfurrias, Texas. 


Charles 1. McClure, formerly with 
the Signal Oil and Gas Co., has become 
associated with the Youngstown Sheet 
and Tube Co., Los Angeles, as a field 


engineer. 


R. B. Luke McCullar, who is sales 
engineer for the Western Co., can be 
reached at Box 310, Midland, Texas. 


Kenneth E. Meyer, petroleum en- 
gineer with the Cities Service Co., New 
York City, has been transferred to the 
Gulf Coast division. His new address 
is 1440 Mellie Esperson Bldg., Houston 
2. Texas. 


James I. Morris is working for the 
Pure Oil Co. as district production engi- 
neer. Mail reaches Box 700, 


Worland, Wyo. 


him at 


Harold L. Patterson is in Delmita, 
Texas, working for the Sun Oil Co. as 
a petroleum engineer. 


Warren D. Phelps, who had been 
at Texas A&M, is working for the Mag- 
nolia Petroleum Co., Box 792, Drum- 


right, Okla. 


Edward W. Racek, former Univer- 
sity of Tulsa student, has the job of 
petroleum engineer for the Acme Well 
Supply Co., New York City. His home 
is at 36 Dogwood Lane, Levittown, 


Hicksville, N. Y. 


Leslie B. Riggins, Jr., is chief en- 
gineer and geologist for the Portable 
Drilling Corp. His mail goes in care of 
the Company to P. O. Box 1318, Sem- 
inole, Okla. 


John L. Ross is student engineer in 
the Gypsy division of the Gulf Oil Corp., 
Tulsa, but gets his mail at 112 N. 
Maiden St., Waynesburg, Pa. 


E. S. Rugg can be reached in care 
of The Texas Co., New Castle, Wyo., 


where he is an engineer trainee. 


Irl Sandidge, Jr., formerly with the 
Ohio Fuel Gas Co., Columbus, is now 
addressed at the United Fuel Gas Co., 
Box 1273, Charleston 25, W. Va. 


W. S. Skinner received an M.S. de- 
gree in geology from Lehigh last June 
and during the summer worked for the 
New York State Science Survey to fin- 
ish an investigation of oil possibilities 
in Otsego County, N. Y., which was 
begun in the summer of 1947. Last Oc- 
tober he took the job of geologist with the 
South Penn Oil Co., Parkersburg, W. Va. 


Section 2... 215 


N. A. Tinker, Jr. 


N. A. Tinker, Jr., joined the consult- 
ing engineering and geological firm of 
DeGolyer, MacNaughton & Murrell, 
Dallas, on March 15. While in Tulsa, 
before taking this latest post, he was 
sales contact engineer for the Weather- 
ford Oil Tool Co., and prior to that 
was with the Gulf Oil Corp. as North 


Texas zone engineer. 


Carle F. Sharp, Jr., formerly a stu- 
dent at the University of Texas, is work- 
ing as a junior reservoir engineer for 
the Humble Oil and Refining Co. His 
mail goes to Box 357, Katy, Texas. 


Duncan M. Smith, Jr., is now asso- 
ciated with the California Co. at the 
Lake St. John field at Waterproof, La. 


Henry J. Stewart, now with the 
Union Oil Co. of California, P. O. Box 
1365, Orcutt, Calif., used to be with the 
Sunray Oil Corp. in Alice, Texas. 


Reid T. Stone is assistant field en- 
gineer for the Axelson Mfg. Co., Hunt- 
ington Park, Calif. He lives in Apt. B, 
8655 California Ave., Southgate, Calif. 


H. J. Struth, former editor of the 
Petroleum Data Book, can now be 
reached in New York City at the Amer- 


ican Petroleum Institute, Dept. of In- . 


formation, 50 W. 50th St. 


Ralph E. Taylor, who was with the 
Freeport Sulphur Co., joined the staff 
of Humble Oil and Refining Co. on 
March 15. He is addressed in care of 
the Company, Box 2180, Houston 1, 
Texas. 


J. U. Teague resigned as superin- 
tendent of the Hogg Qil Co. on Feb. 1 
to assume the presidency of the Colum- 
bia Drilling Co. This concern is engaged 
in the contract drilling of oil wells and 
maintains an office at 2011 Niels Esper- 
son Bldg., Houston, with a field office 
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and storage yard at West Columbia, 
Texas. Mr. Teague entered the oil busi- 
ness upon graduation from Rice Insti- 
tute nineteen years ago as a petroleum 
engineer with the Humble Oil and Re- 
fining Co. He resigned in 1940 to become 
general superintendent of the Hogg Oil 
Co., interrupting this job with three 
years as a Lieutenant Commander in 
the Navy; he came out of service with 
seven battle stars in the Pacific theater. 
The Teagues live at 2406 Dorrington, 
Houston. 


John F. Truchot, Jr., is working 
for the Rocky Mountain division of the 
Stanolind Oil and Gas Co. as a geolo- 
gist. His address is P. O. Box 40, Cas- 
per, Wyo. 


J. H. Van Zant is vice-president of 
the Van-Grisso Oil Co., 1414 Fort Worth 
National Bank Bldg., Fort Worth 2, 
Texas. 


W. Frank West is a petroleum-engi- 
neer trainee with the Continental Oil 
Co., P. O. Box 451, Ventura, Calif. 


Obituaries 


Sydney Hobart Ball 


An APPRECIATION BY DonaLpD M. LippELL 


Sydney H. Ball, a member of the 
Institute for 42 years, and Director from 
1924 to 1927, died of a heart attack on 
Friday, March 25, at his home in New 
York City, aged 71 years and three 
months. He was active until the last, 
having been on professional work in 
British Columbia in December, when he 
had the first attack of his fatal illness. 

Born in Chicago, he received in 1901 
an A.B. degree from the “University of 
Wisconsin, which awarded him a Ph.D. 
in 1910. He was one of the few who 
came into prominence in his youth. 
Having worked for the U. S. Geological 
Survey from 1903 to 1907, he was asked 
in the latter year to head an expedition 
to examine the concession of the Société 
International Forestiere et Miniere du 
Congo for the Ryan-Guggenheim group. 
Three years of work firmly established 
his reputation as an able field geologist 
and executive. It is probable that the 
Congo-Angola diamond field, an  out- 
growth of this expedition, is the richest 
known. From that time on, his services 
were in demand in every part of the 
world. From 1917 until his death he was 
associated with the firm of Rogers, 
Mayer and Ball, of which he was the 
last survivor. 

He was three times decorated by the 
Belgian Government, first as Chevalier 
de VOrdre Royal du Lion; second as 
Officier de Ordre Royal du Lion; and 
finally in January of last year, Com- 
mandeur de Ordre de Leopold II, the 
highest Belgian decoration that can be 
given a civilian. 

For many years he had contributed 
the annual articles on gemstones to the 
Bureau of Mines Minerals Year Book, 
and had written for various trade pub- 
lications. He was a member of the New 
York Jewelers’ Publicity Committee and 
was largely responsible for the House 
of Jewelers at the New York World’s 
Fair. A study that the writer found 
hugely entertaining embodied a long re- 


search into the use of gemstones by the 
Pre-Columbian Indians of the Americas. 

In pure geology he made his mark 
by a study of Tertiary dikes and Pleis- 
tocene glacial deposits, which established 
the existence of two distinct ages in the 
so-called Front Range. He carried out 
the first accurate mapping of Death 
Valley, Calif., about 1907. 

Known to the engineers and geologists 
of the world by reputation, his _per- 
sonality endeared him to his associates 
here. He was a charter member and 
later president of the Mining Club of 
New York City. He had been a member 
of the Mining and Metallurgical Society 
of America for 37 years and was its 
president in 1933. He was president in 
1930 of the Society of Economic Geolo- 
gists, and an honorary member of the 
Gemological Institute of America and of 
the Chemical, Mining and Metallurgical 
Society of South Africa. He was a mem- 
ber and one-time governor of the Ex- 
plorers Club, and a director of the CRB 
educational fund. 

One can give only a bare outline of 
his long and busy life. One cannot put 
on paper a proper appreciation of his 
serious conversation or of his impish 
delight in jokes on those he knew well. 
Nor can one express an adequate ac- 
knowledgment of his readiness to put 
his knowledge at the service of his 
friends. 


ELWOOD BACHMAN (Member 
1940), who was recently engaged in the 
electrification of the Utah Copper Com- 
pany’s Bingham property, and who had 
been associated with the General Elec- 
tric Co. since 1916, died last Dec. 16. 
A man of many talents and _ interests, 
Mr. Bachman, when he received his E.E. 
degree from the University of Utah in 
1916, already had three years of mine 
electrification, railway construction, and 
test work behind him. After joining 
General Electric he worked on mine in- 
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stallations, mill electrification, and elec- 
trolytic investigation projects, was at the 
same time in complete charge of electri- 
cal engineering at the Flin Flon plant of 
the Hudson Bay Mining and Smelting 
Co. in Hudson Bay. 


LeEGRANDE D. BARRETT (Member 
1939), mining engineer, is dead. Mr. 
Barrett died at the age of 33 in South 
Africa, while acting as a Mormon mis- 
sionary there. He had resigned, in 1946, 
his job as acting branch manager for the 
Salt Lake City office of the Independent 
Pneumatic Tool Co., in order to go on the 
mission. After receiving his B.S. in min- 
ing engineering from the University of 
Utah in 1941, Mr. Barrett worked for the 
Kennecott Copper Co., and then as an 
engineer for the New Park Mining Co., 
at Keetley, Utah, before taking his last 
professional job in 1944. 


ARTHUR J. BOASE (Member 1936), 
former college professor and most re- 
cently manager of the Portland Cement 
Association’s structural and_ technical 
bureau in Chicago, died recently. Before 
entering the University of Colorado in 
1915, Mr. Boase had been superintendent 
of construction for the Boston Colorado 
Power Co. in Denver, and then assistant 
city engineer at Boulder. From 1920 to 
1921 he studied at the University of 
Pennsylvania, and during those years and 
for three years thereafter was an in- 
structor in civil engineering at that 
school. He then headed the department 
of civil engineering at Pennsylvania Mili- 
tary College for six years before joining 
the Portland Cement Association. 


CHARLES EDWARD BRUFF (Mem- 
ber 1920), died in Berkeley, Calif., on 
Feb. 25 at the age of 72. He had been 
San Francisco representative for the 
Stevens Adamson Co. until his retirement 
several years ago. 

It was 1895 when Mr. Bruff graduated 
from Purdue University with his degree 
in engineering, and for the ensuing fif- 
teen years he was a drattsman for the 
L. C. Trent Co., assistant manager for 
the Bradley Engineering and Machinery 
Co., and a representative of the Power 
and Mining Machinery Co. in New York. 
Then he went on in 1910 to build the 
Chino mill in Hurley, N. Mex., and 
journeyed to Alaska to supervise con- 
struction of the Gastneau mill in Juneau, 
both assignments under the aegis of the 
D. C. Jackling engineering firm. After 
1915 he was a partner in the Bradley, 
Bruff and Labarthe organization, actively 
engaged in the construction of the Alaska 
Juneau mill and the building of many 
domestic and foreign metallurgical plants. 


EDWARD FE. BUGBEE (Member 
1905), nationally known for his work in 
mining and metallurgical engineering, 


- and a professor emeritus at MIT, died 


a 
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suddenly in Boston, Mass., on Feb. 2, at 
the age of 72. Professor Bugbee gradu- 
ated from MIT in 1900 and began his 
career as an instructor in that school’s 
metallurgical laboratory the same year. 
In 1903 he was made an assistant pro- 
fessor at Iowa State College, but Jater 
returned to MIT, retiring as an associate 
professor of mining 
metallurgy in 1941. 


engineering and 


LUCIUS A. BUTLER (Member 1920), 
died, at the age of 60, on Jan. 23. His 
last professional association had been 
with the U. S. Engineering Department 
in San Francisco. Mr. Butler was a grad- 
uate of the Michigan College of Mines, 
and spent the early years of his career 
with mining companies in Canada, Min- 
nesota, and Michigan. He worked with 
the Inland Steel Co. for three years, and 
then became a project engineer with the 
Michigan State Highway department. In 
1938 he joined the engineering corps of 
the War Department, working in his na- 
tive Michigan until he moved to San 
Francisco. 


FOREST L. CAMPBELL (Member 
1940), chief engineer for the exploitation 
department, southern division, of Rich- 
field Oil Co., died on Jan. 11 in Long 
Beach, Calif., of a heart attack. The 
51 year old engineer’s career began in 
1918 with the San Dimas Co., in Mexico. 
He received an A.B. degree from the 
University of California in 1921, spent 
five years with the oil and gas division 
and State Mining Bureau of California, 
and joined the Richfield Co. in 1928, as 
a resident engineer. Mr. Campbell’s chief 
interest was in petroleum, although min- 
ing geology and mining and milling also 
fell within the scope of his many 
abilities. 


MARK G. CARHART (Member 1943), 
died on March 6 at the age of 66. Thus 
was ended an amazingly versatile career 
which created a man with broad mana- 
gerial and engineering talents. At the 
turn of the century, Mr. Carhart was a 
young farm worker. A year later he was 
managing a lighting and water plant in 
Bartow, Fla.—and so it went through the 
first two decades—a continued eclectic 
interest in public power and private in- 
dustry, from sales, production, and engi- 
neering viewpoints. The year 1930 found 
him managing the Venezuela Power Co. 
at Maracaibo. He was no stranger to 
Latin America, having served for the 
previous three years as chief engineer for 
the Westinghouse Corp. in Mexico City. 

From 1931 to 1941 he represented 
Canadian mining operators in New York, 
developing finances and supervising hard 
rock mining operations in gold, silver. 
and copper ores. It has been said that 
Mr. Carhart’s career was truly repre- 
sentative of the fast-disappearing tradi- 
tion of our industrial leaders why made 


their own careers from the rich clay of 
experience. 


Cassius |. Cook 
An AppRECIATION BY W. J. CouLTER 


In the passing of Cassius I. Cook, 
general manager of the Consolidated 
Coppermines at Kimberly, Nev., on Dee. 
22, the mining fraternity lost a well 
known friend in the industry. For many 
years Mr. Cook had suffered from an 
asthmatic condition and his death was 
attributed to complications resulting from 
an acute condition. 

Mr. Cook was born near Portland, 
Oreg., June 18, 1886. He received his 
early education in Boise, Idaho, and 
graduated from the University of Idaho 
in 1911. In college Mr. Cook took an 
active part in athletics and for three 
years played on the football team. 

After graduating from the University 
of Idaho, he became superintendent of 
the Silver City Mining and Milling Co., 
at Silver City, Idaho. From Silver City 
he went to Alaska in 1915 and later to 
British Columbia where he was employed 
by the Granby Consolidated Mining, 
Smelting and Power Co. In 1927 Mr. 
Cook left Anyox, B. C., where he was 
assistant mine superintendent, to accept 
a position as mine superintendent of 
Consolidated Coppermines. During the 
depression period, from 1932 to 1935 
when Coppermines was closed down, he 
operated a small gold property in Grass 
Valley, Calif. In 1935 he went to Silver- 
ton, Colo., where he was general super- 
intendent of the Shenandoah Dives 
Mining Co. until 1940 at which time he 
returned to Kimberly, Nev., as general 
manager of the Consolidated Copper- 
mines, which position he held at the time 
of his death. 

Mr. Cook was well known and: had 
many friends in the mining field. He was 
ap active member of the American 
Mining Congress, AIME, Colorado Min- 
ing Association, a director of the Nevada 
Mine Operators Association and a mem- 
ber of the Ely Rotary Club. Mr. Cook 
was also a member of the Kappa Sigma 
Fraternity. 

The news of Mr. Cook’s death comes 
as a shock to his many friends in the 
mining industry and to all who knew 
him. 


HERSCHEL E. DENTON (Member 
1946), managing director of General Pe- 
troleums Ltd., and a partner in the firm 
of Denton and Spencer since 1941, died 
on March 30 in Calgary, Alta. He was 
41, Mr. Denton had a B.S. in mechani- 
cal engineering, which he achieved by 
alternate years of work with the Casper 
Oil Co. of Wyoming and attendance at 
New Mexico A&M. By 1938, he was 
production superintendent for the Anglo- 
Canadian Oil Co. in Calgary, and three 
years later joined the two firms with 
which he was associated until his death. 
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Howard Drullard 
An ApprECIATION BY Harvey G. Bostick 


Our AIME Directory notes: Drullard, 
Howard (Member 718) Min. Engr., Min. 
Machinery, 1026 Folsom St., San Fran- 
cisco, Calif. 
AIME and _ his 
afhliation. 

He passed away in San Francisco on 
Jan. 29, of a heart attack. He was born 
in Buffalo, N. Y., in 1883, and attended 
private schools. He had a desire for min- 
ing and so became a shifter in the Second 
St. tunnel in Los Angeles and in the 
Elizabeth Lake tunnel of the Los Angeles 
water department. He contracted in the 
Ray Con. in Arizona, and subsequently 
managed the Hardenburg and Poundstone 
mines in California’s Mother Lode. He 
also. mined in Mexico and Central 
America. 


Howard was proud of the 
San Francisco Section 


While still a young man Howard was 
the victim of a blasting accident. Fortu- 
nately he pulled through with half vision 
in one cye. He never accepted this as 
handicap and this was evidenced by the 
fact that during the 1915 San Francisco 
exposition and fair, he represented five 
companies. Denver Rock Drill Co. was 
one of them, and after the closing of the 
Fair, Howard became affiliated with it. He 
was in turn Butte, Mont., manager, Salt 
Lake City manager, and then a represen- 
tative for Gardner-Denyer in Japan and 
Korea. Returning to the States in 1928, 
he attended Stanford University. In 1932 
he decided to enter private business and 
established the firm which he managed 
until his demise. 

This is an example of Howard’s great 
human kindness and understanding: Dur- 
ing his residence in Butte he became ac- 
quainted with Stephen Breckenridge, a 
miner totally blinded by an explosion. 
Encouraged by Howard to “carry on,” 
Steve sold newspapers. Later, Steve moved 
to Los Angeles and has been on the cor- 
ner of Fifth and Broadway for many 
years—selling newspapers—and is inde- 
pendent. Howard never failed to visit 
Steve during his Los Angeles calls, 

Howard Drullard’s counsel was kindly. 
His many, many friends all over the world 
will be saddened by his passing, but he 


was the type of man that will live on in 
memory and in spirit. 


CECIL DRAKE (Member 1931), died 
in Taft, Calif., on Jan. 31, at the age of 
49. He had worked for the Standard 
Oil Co. of California since 1946, With 
an E.M. in geology from the Colorado 
School of Mines, Mr. Drake went to 
Mexico in 1922 to work for the Eagle 
Petroleum Co. of Mexico, a Shell com- 
pany, and remained there for eight years, 
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Then he returned to the States to work 
for the Shell organization in Illinois and 
Oklahoma before joining Standard Oil. 


Donald R. Knowlton 


DONALD R. KNOWLTON (Member 
J932), manager of the foreign depart- 
ment of the Phillips Petroleum Co., and 
perhaps best known for his work as di- 
rector of production with the Petroleum 
Administration for War, died in Okla- 
hema City on March 9 after a_ short 
illness. He was 54. After taking his E.M. 
degree from Stanford University in 1924, 
Mr. Knowlton worked as an engineer for 
the Continental Oil Co. in Texas, joined 
the Phillips organization in 1930, be- 
coming chief production engineer a year 
later. He recently stirred the business 
world with a magazine article on “The 
Semantics of Financial Reports” which 
censured the obscure, technical language 
in which financial reports are phrased. 


LIONEL H. DUSCHAK (Member, 
1917), professor of metallurgy at the 
University of California, died on Nov. 27. 
Born in 1882, Dr. Duschak received his 
A.B. degree from the University of Mich- 
igan in 1904, went on to take an M.A. 
and Ph.D. from Princeton four years 
later. With his degrees in chemistry, he 
taught that subject at Princeton from 
1907 to 1909, then served four years as 
a research engineer for the Corning 


- Glass Works and the next five years as 


a chemical engineer with the Bureau ot 
Mines. Since 1921 he had been a con- 
sulting engineer, and in 1938 joined the 
faculty of the University of California. 


CHARLES DENHAM GRIER (Mem- 
ber 1915), died on Dec. 2 in Johannes- 
burg, South Africa, where he had been, 
since 1923, managing director of South 
African Cyanamid Ltd. Born in 1889 in 
Denver, Colo., Mr. Grier was a graduate 
of the Colorado School of Mines, also 
had an M.Sc. degree from the University 
of Washington. His early experience took 
him through the West, and then up to 
Alaska. The first World War found him 
a Second Lieutenant in the engineers. 


In 1922 Mr. Grier joined the American 
Cyanamid Co., and the following year 
took up residence in South Africa to 
manage that Company's interests there. 
In 1937 he took over the position he 
held at the time of his death. Although 
his main efforts dealt with cyanide pro- 
duction, Mr. Grier took an active interest 
in the whole mining and industrial de- 
velopment of southern Africa. 


HORACE S. GULICK (Member 1916), 
whose career had taken him from Okla- 
homa A&M to the first vice-presidency 
of the New York Air Brake Co., died 
on Jan. 31 at the age of 63. Mr. Gulick 
received his B.S. degree from the above- 
named school in 1903, and within ten 
years had become chief chemist for the 
American Steel Foundries in East St. 
Louis, [I]. Later he was superintendent 
of testing and inspection at the More- 
Jones Brass and Metal Co., and in 1921 
superintended the Ohio Brass Company’s 
Mansfield, Ohio, plant. Six years later 
he assumed a similar position with New 
York Air Brake, remaining with the 
Company until his death. 


ELWIN B. HALL (Member 1914), 
petroleum cngineer and oil geologist, 
died in Los Angeles on Jan. 20. Mr. 
Hall was 57 and had been ill for three 
weeks prior to his death. At the time of 
his death he headed the E. B. Hall Co., 
which operated the Union Pacific oil 
properties at Wilmington, California. Mr. 
Hall was a graduate of the School of 
Geology of Stanford University, where he 
had been a three year letterman in 
rugby and notably proficient in other 
sports. He worked as a petroleum geolo- 
gist for many years, and in 1937 became 
president of the Hall-Baker Co. in Los 
Angeles. 


PHILIP H. HOLDSWORTH (Member 
1938), for many years prominent in Ore- 
gon mining. died at his home in Seattle 
last Nov. 21. He was born in 1881. Back 
in 1908 Mr. Holdsworth was assistant 
superintendent for the Alaska Smelting 
and Refining Co. in Hadley, later went 
on to do mining and metallurgical work 
in California, Oregon, and the State of 
Washington. Since 1920 he had been a 
consulting engineer with offices in Seat- 
tle, was greatly interested in geophysical 
work, and made several investigations in 
both Oregon and Washington employing 
resistivity methods. 


FREDERIC W. JAMES (Member 
1917), died last Dee. 28 at his home in 
Belleville, N. J., at the age of 68. He was 
a vice-president and engineer at the N. P. 
Nelson Iron Works, Inc., in Passaic, and 
had been associated with the firm for 27 
years. Born in St. Marys, Reading, En- 
gland, he came to this country at an early 
age, attended Trinity School, and the 
Columbia School of Mines. From the 
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turn of the century until he joined the 
Nelson organization, Mr. James had 
worked for nine engineering concerns, 
as both draftsman and engineer. He 
devoted twenty years to serving the Boy 
Scouts in his hometown, was also a 
member of the National Historical So- 
ciety, and a frequent contributor to 
various engineering publications. 


OTTO G. LEICHLITER (Member 
1935), president of the Mudge Oil Co. 
of Texas, died last Sept. 8, at the age of 
63. Although his professional education 
in mechanical and civil engineering was 
not acquired formally, but in home 
studies, Mr. Leichliter was, at the age 
of 22, superintending a tunneling opera- 
tion for the Gold Cup Mining and Mill- 
ing Co. in Colorado. Two years later he 
joined the Edward W. Mudge Co., be- 
coming general manager of four affliated 
companies, and building coal mines, coke 
ovens, blast furnaces, and developing oii 
properties. By 1934 he was vice-president 
of the Weirton Coal Co. and Union Elec- 
tric Steel Co., and also held the position 
he retained until the time of his death. 


R. JOHN LEMMON (Member 1930). 
died in Nenagh, Tipperary, Eire, on Jan. 
26. A British subject, born in Sussex in 
1878, Mr. Lemmon traveled far and wide 
in pursuit of his metallurgical career. 
He was a chemist on the Gold Coast in 
1911, at work in Korea eleven years later, 
and within the next seven years had 
been a metallurgist in Brazil, Turkey, 
Russia, and Bolivia. In 1938 he joined 
Imperial Chemical Industries, Ltd., in 
Liverpool, and at the time of his death 
was a metallurgist for the Irish Explora- 
tion Co. in Tipperary. 


NORMAN MACKENZIE (Member 
1943), owner of the Coleville Engineer- 
ing Co., Spokane, Wash., died Dec. 8 at 
the age of 53. Born in Canada, Mr. 
Mackenzie attended Manitoba College 
and Manitoba University, receiving his 
B.Sc. degree in 1919. His education was 
interrupted from 1914 to 1919 while he 
served as Lieutenant-Captain in the Cana- 
dian Engineers during World War I, 
leading a tunneling company in England, 
France, Belgium, and Germany. Varied 
engineering experience in this country 
and Canada brought him to the forma- 
tion of his own company in 1936. H« 
engineered and designed 24 rural elec- 
trification systems, carried on extensive 
electrical, municipal, and mining consul- 
tation activities until the time of his 
death. Mr. Mackenzie was also an active 
‘member of numerous professional and 
social groups, including the American 
Legion, BPOE, and the Spokane Press 
Club. 


F, A. G. MAXWELL (Member 1936), 
who spent his whole professional career 
in the South African gold mining indus- 
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try, died in Johannesburg on Dec. 26, 
He was 74 years old. Mr. Maxwell, a 
British citizen, was born in Freemont, 
Neb., received his education at the Colo. 
rado School of Mines, and went to South 
Africa immediately after graduating in 
1895. He played a large part in the foun- 
dation and development of metallurgical! 
practice on the Rand, and was consulting 
metallurgist to the General Mining and 
Finance Corp. for the past thirty-three 
years. 


NN 


Arthur S. Nichols 


ARTHUR S. NICHOLS (Member 
1936), vice-president and sales manager 
of the Illinois Clay Products Co. for 
more than 23 years, died on Feb. 18. He 
was 48 years old. Mr. Nichols, chairman 
of the AIME Committee on Ceramic 
Materials, and chairman of the Chicago 
Section in 1944, was a native Chicagoan, 
cducated at the University of Illinois. 
He began his career in 1922 with the 
Harbison-Walker Refractories Co., then 
became a technical adviser to the Chi- 
cago Firebrick Co. before joining the 
[llinois organization. ! 


ALEXANDER G. McGREGOR (Mem- 
ber 1915), died on March 4 at the age 
of 69. Mr. McGregor had been in Lon- 
don for the past twenty-two years, serv- 
ing as a consulting mechanical engineer 
to the Chester Beatty group of mining 
companies. To that group, he brought 
a formidable reputation as a designer 
and builder of smelting works, mining, 
and metallurgical plants. Some of the 
plants he designed and constructed in- 
clude: the International Smelting Co. 
plant at Miami, Ariz.; the Cerro de 
Pasco Copper Corp’s. smelting works in 
Peru; the Phelps-Dodge smelting units 
at Douglas, Ariz.; and the Inspiration 
C. C. Company’s leaching plant. During 
the recent war he was a consulting engi- 
neer to the British Ministry of Aircraft 
Production. 

Mr. McGregor had a B.S. from’ the 
University of Montana, was the author 
of numerous economic articles and 
books, among them “The Correct Kcon- 


omy for the Machine Age.” “Collective 
Bargaining and Decadence,” and “End 
Wages Conflict.” 


WALTER B. MILLER (Member, 
1916), electrical and mining engineer of 
Huntington, W. Va., died last September. 
Mr. Miller was born in 1878, attended 
West Virginia University and the Uni- 
versity of Kentucky, and spent the bulk 
of his early career with Kentucky and 
West Virginia coal companies, except 
for a stint with the Army engineers dur- 
ing World War I. More recently he had 
been general manager for the Kentucky 
King Coal Co., and his last affiliation 
was with the Guyen Eagle Coal Co. in 
Huntington, 


THOMAS MacDONALD ROBERT- 
SON (Member 1948), died last Aug. 16 
at the age of 23. A native of Glasgow, 
Scotland, Mr. Robertson graduated from 
the Royal Technical College in 1945, be- 
came a research metallurgist and later 
assistant melting shop manager in the 
Clydebridge steel works. He was an asso- 
ciate member of the West of Scotland 
Tron and Steel Institute, and a student 
member of the Institute of Metals. 


THEODORE W. ROBINSON (Member 
1884), who was vice-president of the IIli- 
nois Steel Co. until 1932, died on Dec. 30. 
Mr. Robinson had been a member and 
director of various public and private 
organizations, including positions as 
trustee of Northwestern University, a di- 
rector of the City National Bank and 
Trust Co., the Illinois Bell Telephone 
Co., and chairman of Ditto, Inc. He was 
an MIT graduate, class of 1884. 


WILLIAM A. ROSE (Member 1940), 
well known figure in the iron mining in- 
dustry, died in Santa Monica, Calif., at 
the age of 66. Mr. Rose had been with 
the Pickands-Mather Co. for nearly a 
half-century. Born in Rochester, he re- 
ceived a degree in mining engineering 
from the University of Minnesota in 
1906, became chief engineer for the 
Oilver Iron Mining Co., and then went 
to Pickands-Mather in 1913. He was 
appointed chief engineer there, and later 
assistant general manager. After a short 
stint in Cleveland for the Company, he 
retired in January 1947, and went to live 
in California. 


A. D. SHANKLAND (Member 1917), 
metallurgical engineer on the staff of the 
operating vice-president of Bethlehem 
Steel Co., died Jan. 5. Of Mr. Shankland’s 
57 years, 35 were spent at Bethlehem. He 
first joined the Company as a chemist in 
1914, upon graduation from Virginia Poly- 
technic Institute. Subsequently, he rose 
through the positions of metallurgy in- 
spector, engineer of tests, and assistant 
general manager, to the post he was 
holding at the time of his death. 
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FREDERICK WARREN SNOW 
(Member 1917), president of the Ver- 
mont Copper Co., died in Hanover, N. H., 
on March 7. Mr. Snow had been with 
the Company since 1943, having served 
* previously as general manager of the 
U. S. Mining and Smelting Co’s. Mic- 
Mac mines in Quebec, and in the same 
capacity for the Eustis mine in Sher- 
brook, Que. A graduate of the Univer- 
sity of Utah, Mr. Snow, had also spent 
thirteen years with the Magma Copper 
Co. in Superior, Ariz., and done mining 
and consulting work in the West and 
South America. 


JAMES W. STARKS (Member 1945), 
director of the Illinois State Mines and 
Minerals Department, died in Spring- 
field on Feb. 3, just seventeen days after 
he had taken over the post. Union mem- 
bers and coal operators alike had both 
heartily approved of his appointment last 
December. For the past 27 years he had 
been with the Peabody Coal Co., and for 
eight years was a mine officer in the de- 
partment he came to head. He had also 
served four years as mine inspector in 
eight different counties, bringing a back- 
ground of twenty-five years’ varied experi- 
ence to his work for the State. 


DAVID R. THOMAS (Member 1904), 
Canadian mining engineer, died on 
March 4 at the age of 73, in Toronto. 
The British-born Mr. Thomas received 
his education and early training in his 
homeland, came to Canada in 1899 as an 


engineer for the Canadian Pacific Rail- 
way. Later he spent over ten years as a 
mine executive in Mexico, and another 
decade in mining, consulting, and mana- 
gerial positions in Mexico, New York, 
and Canada, respectively. When he re- 
tired from active practice in 1930 he 
was a mining consultant in Toronto. 


WILLIAM G. WAGNER (Member 
1920), died in London, England, on 
March 19 at the age of 75. Mr. Wagner 
was managing director of George T. 
Holloway and Co., of London, which 
firm he had been with for the past forty- 
one years. 


BAILEY WILLIS (Member 1892), 
seismologist and geologist of international 
fame, died in Palo Alto, Calif., on Feb. 
19. Dr. Willis, who had made a lifelong 
study of earthquakes, was also a writer, 
lecturer, explorer, and world traveler, and 
extremely active until his ninety-first, and 
last year. A Columbia School of Mines 
graduate, he began his career as a min- 
ing engineer, later worked with the 
USGS, did research in China for the 
Carnegie Institution, and exploration in 
Argentine. In 1915 he took over Stanford 
University’s department of geology, was 
forced to retire at sixty-five, but stayed 
on as professor emeritus until the time 
of his death. Just before his death he 
completed the second part of his two- 
volume biography, entitled “Friendly 
China.” 
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Total AIME membership on April 30, 
1949, was 15,566; in addition 4187 Student 
Associates were enrolled. 


ADMISSIONS COMMITTEE 


James I. Head. Chairman; Albert J. Phil- 
lips, Vice-Chairman; George B. Corless, T. B. 
Counselman, Ivan A. Given, George C. Heikes, 
Richard 1. Mollison, and Philip D. Wilson. 

Institute members are urged to review this 
dist as soon as the issue is received and im- 
mediately to wire the Secretary’s office, night 
message collect, if objection is offered to the 
admission of any applicant. Details of the ob- 
jection should follow by air mail. The In- 
stitute desires to extend its privileges to every 
person to whom it can be of service but does 
not desire to admit persons unless they are 
qualified, 

In the foliowing list C/S means change of 
status: R., reinstatement; M, Member: J, 
Junior Member; AM, Associate Member; 
S, Student Associate; F, Junior Foreign Affil- 
iate. 


ALABAMA 
Birmingham — SPARF, CHARLES 
ROY. (R,C/S—S-AM). Explosive ser- 


viceman, Hercules Powder Co. 


ARIZONA 

Klondyke—WILSON, GLEN BAYHA, 
(C/S—J-M). Mine superintendent, Ath- 
letic Mining Co. 

Morenci—_ JACOBY, DWIGHT CLARK. 
(C/S—S-J). Hydrographic engineer, 
Phelps Dodge Corp., Morenci branch. 
CALIFORNIA 

Arcadia -— DRAPER, DARRELL 
WELLINGTON. (M). Process service 
representative, Linde Air Products Co. 

Bakersfield — CHRISTENSEN, JOHN 
ALEXANDER. (M). Geologist, British- 
American Oil Producing Co. 

Berkeley—McCLELLAND, THOMAS 


220 . . . Section 2 


HUTCHISON. (R,C/S—AM-M). Field 
manager, Asnaza Gold Dredging, Ltd. 

Fontana — SAUSSAMAN, JOHN 
DANIEL. (M). Superintendent, blast 
furnace dept., Kaiser Co. 

Los Angeles —TIPTON, KENNETH 
AMESTOY. (C/S—S-J). Insurance agent 
and broker, Kenneth E. Tipton Insurance 


Agency. 
Maywood — BOWDEN, CARL B. 
(C/S—S-J). Assistant petroleum. en- 


gineer, Union Oil Co. of California. 
Pitisburg — CALDWELL, THOMAS 
EDGERTON. (M). Works metallurgist, 
Pittsburg works, Columbia Steel Co. 
COLORADO 
Cherry Hills Village — NICHOLSON, 
JAMES DOUGLASS. (M). General man- 


-ager, The Mine & Smelter Supply Co. 


Leadville — METZGER, GUINN ED- 
WARD. (C/S—S-J). Junior metallurgist, 
Resurrection Mining Co. 

Rangely — LEUZINGER, LESLIE 
ADOLPH. (C/S—S-J).Field engineer, 
Union Pacific Railroad Co. oil develop- 
ment, c/o The Texas Co. 

DISTRICT OF COLUMBIA 

Washington — BRABANT, PAUL 
HENRI. (M). Consulting engineer on 
Chinese mines, Pierce Management, Inc. 
IDAHO 


ILLINOIS 

Chicago — BIDDLE, GEORGE 
JOSEPH. (M). Assistant sales manager, 
Illinois Clay Products Co. JAIN, PADAM 
PRASAD. (M). Engineering supervisor, 
Killium & Co. SIREL, I. ALEXIS. (M). 
Metallurgist, Youngstown Sheet & Tube 
Co. SLOMER, JOSEPH J. (M). Super- 


visor, design-hydraulics, Goodman Mfg. 


Danville—MERLE, JAMES JOSEPH. 
(C/S—J-M). Assistant preparation man- 


ager, Ayrshire Collieries Corp. 
PCillesphe — BBART, CURTI Ss 
QUENTIN. (R,C/S—S-M). Mining en- 


gineer, Superior Coal Co. 

Oakwood—MULLINS, RICHARD pay 
(M). Chief chemist, Ayrshire Collieries 
Corp. 

Peoria — ANDERSON, ROBERT 
GRANT PHILLIP. (C/S—S-J). College 
graduate trainee, Caterpillar Tractor Co. 

Salem—LOVE, RICHARD WILLIAM. 
(M). District petroleum engineer, The 
Texas Co. MULLINS, JESSE FRANK. 
(J). Petroleum engineer trainee, The 
Texas Co. 

INDIANA 

Bloomington — CALLAGHAN, EU- 
GENE. (R,C/S—J-M). Professor of 
economic geology, Indiana University. 

West Lafayette—HOPPE, ALBERT 


WILLIAM. (J). Instructor of metal- 
lurgy, Purdue University. 
KENTUCKY 


Benham—NEWMAN, ELMER KIM- 


BER. (R-M). Chief engineer, Interna- 
tional Harvester Co. 
LOUISIANA 

Minden — LARSON, KENNETH 
HENRY. (C/S—S-J). Junior computer, 
Stanolind Oil & Gas Co. 
MASSACHUSETTS 


Roslindale—PAYNTON, WILLIAM C. 
(C/S—S-J). Staff member of metallurgy 
project, MIT. 


MICHIGAN 
Detroit —STICKEL, JOHN FRED- 
ERICK, JR. (C/S—S-J). Geological en- 


gineer, Wesley, Bedford & Stickel. 

Marquette—DeHAAS, GORDON TIF- 
FANY. (C/S—S-J). Sales engineer, C. T. 
DeHaas Co. 


MINNESOTA 
Hibbing —McDERMOTT, WILLIAM 
FRANCIS. (J). Mechanical engineer, 


W..S. Moore Co. 
Parkville—VAN EVERA, JAMES W., 


JR. (C/S—J-M). Chief mine engineer, 
Inter-State Iron Co. 
MISSISSIPPI 

McComb — MARTIN, WALTER 
OBIER. (C/S—S-M). Reservoir engi- 
neer, The Texas Co. 
MISSOURI 


Kirkwood — MASSMANN, ALBERT 
P. (M). In charge of preparation, Sin- 
clair Coal Co. QUINN, MAURICE ‘L. 
de Electrical engineer, Sinclair Coal 

oO. 

St. Lowis—SCALLY, JOSEPH ED- 
WARD. (R,C/S—J-M). Vice-president, 
Earmony Oil Corp. 

MONTANA 

Cut Bank—FLUGSTAD, JOHN BUT- 
LER. (RC/S—S-M). District engineer, 
The Texas Co. 

NEW JERSEY 

North Plainfield—COOK, CHARLES 
ROSCOE, JR. (C/S—S-J). Research 
metallurgist, Titanium Division, National 
Lead Co. 

NEW MEXICO 

Buckeye—DENSON, JACK MecVAY. 
(C/S—S-J). Petroleum engineer trainee, 
The Texas Co. 

Carlsbad—BINSWANGER, TOLSTOY 
LEO. (M). Extra supervisor, U. S. Pot- 
ash Co. 

Hobbs—BEARLY, MARION FRANK. 
(J). Student engineer, Gulf Oil Corp. 
NEW YORK 

Albany—BROUGHTON, JOHN GER- 
ARD. (C/S—J-M). Acting state geol- 
ogist, N. Y. State Science Service. 

New York—CULLITY, BERNARD 
DENNIS. (C/S—J-M). Scientific liaison 
officer, Office of Naval Research, Ameri- 
can Hmbassy. JAMES, HAROLD FRED- 


ERICK. (M). Metallurgical engineer, 
Intsel Metals Corp. RAIKLEN, HYMAN 
ISAAC. (C/S—S-AM).  Metallurgist, 


Wright Aeronautical Corp. VASSILO- 
POULOS, GEORGE. (C/S—S-J). Metal- 
lurgist, Wright Aeronautical Corp. 

Syracuse—WU, TZU LIANG. (C/S— 
S-AM). Research engineer, Syracuse 
University. 

White Plains —-MULLANE, JOHN 
JOSEPH. (M). Production executive as- 
sistant, Standard Oil Co. (N. Ds) 

Yonkers—LESZYNSKI, WERNER J. 
(M). Editor, Powder Metallurgy Bul- 
letin: member, Research staff, Ameri- 
can Electro Metal Corp. : 
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_ WEST VIRGINIA 


OHIO 
Columbus—-NELSON, HOWARD ED- 
Hie eee: (J). Sales engineer, Jeffrey Mig. 


Worthington — HALL, ALBERT M. 
(C/S—J-M). Metallographer-in-charge, 
Battelle Memorial Institute. 

Et OMA. 

artlesville—ALLEN, ERNEST, JR. 
(C/S—J-M). Reservoir engineer, Phillips 
Petroleum Co. 

Ponca City— MESSER, ELMER S. 
(M). Research engineer, Continental 
Oil Co. 

Tulsa—WHALEY, NEWTON PHILIP. 
ae Consultant, Whaley Engineering 

fo) 


OREGON 

Salem—SCOTT, LEWIS EUGENE. 
(J). Geologist, State Highway Dept. 
PENNSYLVANIA 

Bethlehem—LARSON, HUGO CHRIS- 
TIAN. (M). Metallurgical engineer and 
secretary of Bethlehem plants commit- 
tees, Bethlehem Steel Co. 

Norristown — MATHEWS, 
R. (M). Open-hearth 
— a Steel Co. 

ittsburgh — EICHELMAN, GEORGE 
HENRY, JR. (C/S—S-J). Intermediate 
metallurgist, Westinghouse Research 
Laboratories. SEWARD, JOHN EMRIB. 
(C/S—S-J). Practice engineer, Jones & 
Laughlin Steel Co. 

State College— MELDRUM, ALAN 
HAYWARD. (C/S—S-M). Research as- 
sistant, Penn. State College. 
SOUTH DAKOTA 

Belle Fourche — ELLERMAN, 
MATHIAS. (R,C/S—J-M). Local 
ager, Wyodak Chemical Co. 
TEXAS 

Athens — HARGRAVE, AUSTIN 
JESSE. (M). District production man- 
ager, Lone Star Gas Co. 

Greggton—SCHMIDT, LOREN ARN- 
OLD. (J). Junior petroleum engineer, 
Stanolind Oil & Gas Co. 

Houston—KINDSVATER, PAUL A. 
(R,C/S—S-M). District engineer, Brit- 
ish-American Oil Producing Co. LUGOL, 
GILBERT M. (J). Ingenieur des Mines 
en Service Detache, Direction des Car- 
burants. MENETRIER, CLAUDE F. 
(J). Drilling engineer, Regie Autonome 
des Petroles. ZWICKY, ROBERT WIL- 
LIAM. (C/S—S-J). Junior exploitation 
engineer, Shell Oil Co. 

Kilgore—GEFFS, CHARLES RALPH. 
(R,C/S—S-J). Petroleum engineer, Sun 
Oil Co. 

Longview — OKERSON, STANLEY 
JOHN. (J). Equipment engineer, Stan- 
olind Oil & Gas Co. 

Lubbock — CHAPIN, ESROM LON. 
(M). Petroleum engineer, Stanolind Oil 
& Gas Co. COTEY, BRADFORD J. (M). 
Manager, Oilwell Chemical Service Co. 
CROSBY, GEORGE ERNEST. (R,C/S— 
S-M). District engineer, Stanolind Oil & 


Gas Co 
FRANK, JR. 


DONALD 
superintendent, 


OTTO 
man- 


Midland — DARDEN, 
(J). Junior petroleum engineer, Humble 
Oil & Refining Co. GILL, PERRY A. 
(M). Division superintendent, Sunray 
Oil Corp. MOORE, WILLIAM DAVID. 
(C/S—S-J). Junior petroleum engineer, 
Humble Oil & Refining Co. PIERCE, 
EDWARD JARVIS. (M). Petroleum en- 
gineer, Mid-Continent Petroleum Corp. 

Odessa—MASSEY, JOHN KILBANE. 
(AM). General superintendent, Plastic 
Process Corp. PRUITT, LEE EUGENE. 
(M). District engineer, Sunray Oil Corp. 

Pampa — THOMAS, FRANK GRA- 
HAM. (M). District petroleum engineer, 
Humble Oil & Refining Co. 

Snyder—SHOR, GEORGE, JR. (C/S— 
S-J). Seismograph party chief, Seismic 
Explorations, Inc. : 

UTAH 

Midvale—SCHOLL, LESTER KEITH, 
(C/S—J-M). Metallurgist, U. S. Smelt- 
ing Refining & Mining Co. 

Salt Lake City——-CROPPER, KEN- 
NETH FAY. (R,C/S—J-M). Engineer, 
U. S. mine, U. S. Smelting Refining and 
Mining Co. GODBE, MURRAY CHAR- 
LES. (C/S—S-J). Geological draftsman, 
American Smelting & Refining Co. 

Sunnydale — HEERS, ROBERT. G. 
(C/S—J-M). Coal mine manager, Kaiser 
Cc 


0. 
WASHINGTON : 

Richland — NELSON, THOMAS C., 
JR. (C/S—S-J). Metallurgist, General 
Electric Co. 


ROBERT HAR- 


Morgantown—HESs, 
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OLD. (C/S—S-J). Assistant mineralo- 
gist, West Virginia Geological Survey. 
, Rensford —McCORMACK, GEORGE 
EDWARD. (C/S—S-J). Engineer, Hat- 
field-Campbell Creek Coal Co. 
WYOMING 
Cody — EVANS, RICHARD LEWIS. 
(M). District reservoir engineer, Stan- 
olind Oil & Gas Co. ‘ 
Worland—MORRIS, JAMES IRVING. 


(C/S—S-J). District production engi- 
neer, Pure Oil Co. 
ALASKA 

College — MONROE, D. GILBERT. 
(C/S—S-J). Junior engineer, Boeing 


Aircraft Co. 
BRITISH COLUMBIA 


Vancowver—BARER, RALPH DAVID. 
(C/S—S-J). Instructor in physical met- 


allurgy, University of British Columpia. 
MANITOBA 

Lynn Lake—MORRISON, WILLIAM 
FRANCIS. (M). Resident geologist, 
Lynn Lake property, Sherritt Gordon 
Mines, Ltd. 
ONTARIO 


: St. Thomas—CLAUS, SPENCER. (J). 
Geologist, Oliver Iron Mining Co. 


_Toronto — HEWITT, DONALD 
FRANK, (C/S—S-J). Geologist, indus- 
trial minerals, Ontario Dept. of Mines. 
QUEBEC 

Arvida—GILLIS, JOHN MAURICE. 
(M). Supervisor, caustic plant, Alum- 
inum Co. of Canada. 
CHIHUAHUA 

Chihuahua — BROWN, SEVERN 
PARKER. (J). Assistant geologist, 


American Smelting and Refining Co. 
NESBITT, MARTIN BECERRA. (M). 
General superintendent, El Potosi Min- 
ing Co. ZANGWILL, AYRTON ISRAEL. 
(M). Assistant superintendent, Avalos 
oe American Smelting & Refining 
oO. 


BRAZIL 

Sao Paulo—SCHMIEGELOW, EGON. 
(C/S—S-J). Metallurgical engineer, Cia. 
Brasileira de Material Ferroviano. 


CHILE 

Chuquicamata — HENDERSON, 
HARRY BACKUS. (R-M). Test engi- 
neer, Chile Exploration Co. 


GOLD COAST COLONY 

Accra — NICHOLLS, WILLIAM. 
(R-AM). Mining engineer, Consolidated 
African Selection Trust, Ltd. 
SIERRA LEONE 

Freetown — MACKENZIE, GORDON 


BRIAN. (M). General manager, Sierra 
Leone Development Co. 
INDIA 

Bombay—MEHTA, R. K. (M). Tech- 


nical director, Kamani Meta’s & Alloys, 
Ltd. and Kamani Engineerinz Corp. 

Kolar Gold Field—RAJAN, V. M. 
SUNDARA. (M). Chief assistant sur- 
veyor, Nundydroog Mines, Ltd. 
QUEENSLAND 

Mt. Isa—SHER, LESLIE JAMES. 
(M). Foreman, cottrell & baghouse, Mt. 
Isa Mines, Ltd. 
VICTORIA 

Melbourne—GLEN, MALCOLM. (M). 
Field engineer, North American Cyana- 
mid, Ltd. 


STUDENT ASSOCIATES 
Elected May 18, 1949 


Charles Orville Allen..... Univ. S. Calif. 
Jerry, Bob Allen... 22.205: « Penn. State 
Nicholas Dean Altimus..... Penn. State 


Jerome Anton Andruske....Univ. Kans. 
Raymond Richard Angstadt.Penn. State 
Joseph S. Arnold, Jr...Univ. Pittsburgh 


Har Harper, Bauer.......; Penn. State 
Rixford ANIA  BeAIS cee a5 Univ. Calif. 
Frank Patrick Rence.......Penn. State 
Charles Richard Benson..... Ohio State 


Alan M. Bieber........ _...Okla. A&M 
Charles A. Bittmann..Bklyn. Poly. Inst. 
Clarence W. Bowlby...Colo. Sch. Mines 
Max Irving Brown...... La. State Univ. 
Stuart S. Brown..... .Melbourne Univ. 
Robert Winslow Brumberg. .Penn. State 
Douglas F. Bulloch...Bklyn. Poly. Inst. 
Jerry Dean Bullock..... La. State Univ. 
Furman H. Burge, Jr..S. Dak. Sen. Mines 
Robert Gustav Carlson. Bklyn. Poly. Inst. 
Rodney Harvey Chow... . Univ. S. Calif. 
Allan Abbott Coburn.......Penn. State 
Arnold Gaylord Connor.....Univ. Minn. 
Charles James Conrad...... Penn. State 


‘ 


Allen L. Crockford.Camborne Sch. Mines 
Coral Roland Dardenne. .La. State Univ. 
aroy Deans Jr ees... Univ. S. Calif. 
Rafael K. De Bie. ..Carnegie Inst. Tech- 
Kramer Richard Duhe..La. State Univ- 


Frank Earl Eckert, Jr...... Penn. State 
Jack Walton Edwards.Texas Tech. Coll- 
John Noble Ellis........ La. State Univ. 


Courtland Harold Essex. Univ. Wichita 
Charles Anthony Fabo. Univ. Pittsburgh 
Alfred Norman Fanning (Rein.) 

Mo. Mines & Met. 
Chester Ernest Farrow, Jr..:Okla. A&M: 
Robert Louis Folkman....Cornell Univ. 


Walia De isi creeks eee Univ. Nev. 
Geonge Co Gabelovan en. csc. Penn. State 
Melih Izzet Genca...... Colo. Sch. Mines 


Dan Kelly Gilbert..... La. State Univ. 
Donald Flatau Goldsmith.1Il. Inst. Tech. 


Samuel Goodman......... Wayne Univ. 
Dale GorenVele > sow ce cis eee eles CENNW 
Jack Edward Haflinger...... Fenn Coll. 
Jonathan H. Halsey (Rein.) .Univ. Calif- 
Robert L. Halvorsen....... Penn. State 
Robert Kay slansen- serene Penn. State 
Carl Dwayne Hanson....... Penn. State 
Thomas Jakie Harp..... La. State Univ. 
Krancis: David Hart... -. Lafayette Coll. 


. Univ. Wisc. 
Univ. 
State 
State 


John Kdward Helm...... 
John Stewart Henkel. .Melbourne 
Robert Acl Henstine. cian. ss. Penn. 
Warren Henry Hinks, Jr....Penn. 
Leonard M. Hogan....Mélbourne Univ. 
Perry Lanson Holsinger.... Ohio State 
Robert Dillon Horst...Univ. Pittsburgh 


Patrick Wendell Huber..... Penn. State 
Walter Prentiss Jensen .La. State Univ. 
Raymond Alvin Johnson....Univ. Utah 


Ernest Allan Jonas..N. Mex. Sch. Mines: 
John Joseph Justen.......: Univ. Tex.. 
Bob Kazarian 
Dean; DavideKerr.. sae Univ. Kans. 
John ssStuart, eoegile: v..eiecme Ohio State- 
Arthur Andrew Krieger.. .Univ. Nev. 
Ulf S. Landergren..Carnegie Inst. Tech. 
Warren E. Latimer....... .Penn. State 
Robert William Lawrence...Penn. State 


orice, Je Auaytonieaei ee Melbourne Univ. 
James Clark Leisk.....La. State Univ. 
Robert Vinton D. Lord, Jr.... Iowa State 
John Dabney Lung...... Univ. S. Calif. 
Sidney. Marcusimacenicieksieete 5 io A CKOIN INE 
Roy Cy Martina: oes ssc e Ill. Inst. Tech. 
Garrett Andrew Mayon.La. State Univ. 
John Alfred McCabe........ Okla. A&M 


ike David McKay. pee Melbourne Univ 
Charles Allan McLeish...... Univ B.1G? 
Raymond N. McNally.Melbourne Univ. 
Arthur Theodore Mengel....Penn. State 
Robert Js Menzies. i... Waser. Penn. State 
Robert E.. Merkle.......... Penn. State 


John Richard Miller... Mo. Mines & Met. 
George Montgomery Mitchell. Penn. State 
Cecil Corter Miller..... St. Louis Univ. 
Fred Edward Moore..... St. Louis Univ. 
Lester Lazell Neblett, Jr.. Univ. S. Calif. 
Carl Godfrey Nelson.....Univ. S. Calif. 
Roman INOWiICKiN sm. chase os Wayne Univ. 
Paul Francis Newton....Univ. S. Calif. 
Dwight Conlan Oglesbee...Univ. Kans. 
Albert Fred Peterson, Jr. La State Univ. 
John Anthony Potenza..... Penn. State 
Gerald Edward Rennick 
Univ. Pittsburgh 
John Peter Rokosh........- Univ. B. Cok 
Ronald George Rosenkranz.Univ. Wisc. 
Robert Duane Saltsman Lafayette Coll. 
David Albert Sanders.......- Ohio State 
William Dave Sauer..... Univ. S. Calif. 
John Frederick Bebnatee ...Penn. State 
i rd Joseph Schneider 
See P cae State Univ. 
rd Stewart Shea, Jr. 
ea * “La. State Univ. 
William Clarence Schoof.Univ. S. Calif. 
Richard Charles Sennett....Penn. State 
William Harvey Shaffer. Lafayette Coll. 
Keith Darden Sheppard (Rein.) 
Penn. State 
Clark Merrill Sherwood..... Penn. State. 
Robert Harvey Shrut .Univ. Pittsburgh 
William Reinartz Sittig... .Penn. State 


Charles Eugene Sonntag, Jr. 
is La. State Univ. 


Henry Roy Speyrer..... La. State Univ. 
Henry Lee Steadman....... Penn. State 
Robert Thomas Thurston......... .-MIT 
Walliam Re Dhurtles 225: Ill. Inst. Tech. 
Helmuth Timms, oeci-ts ge - = Univ. Okla. 
George Vacek, Jr........Ill. Inst. Tech. 
Jim Wilson Vidrine..... La. State Univ. 
Roland D. Wardell......... Univ. Minn. 
George Patterson West.....Penn. State 
Charles Campbell White.. Univ. Otago 
James Leland White....... Univ. Kans. 
James Ronald Williams, Jr..Penn. State 
Robert Arthur Winslow ....Penn. State 
le i) VVOLLON Gog armas sier/e Univ. Kans. 
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American Institute of Mining and Metallurgical Engineers 


No Directory will be published in 1949, so the following 
list of AIME officers and committees is being printed in the 
three journals. It includes the committees of the Mineral 


Magazine 


MINING ENGINEERING 


JOURNAL OF METALS 


JOURNAL OF PETROLEUM TECHNOLOGY 


Industry Education and Mineral Economics Divisions, Com- 
mittees of other Divisions appear in Section 1 of the Branch 
journals as follows: 
Division 

Coal 
Industrial Minerals 
Extractive Metallurgy 
Minerals Beneficiation 
Mining, Geology and 

Geophysics (Not yet 

appointed) 


Institute of Metals 
Tron and Steel 
Extractive Metallurgy 


Petroleum 


OFFICERS AND DIRECTORS 
1949 


PRESIDENT 
L. E. Young’, Pittsburgh, Pa. 


PAST PRESIDENTS 
Clyde Williams’, Columbus, Ohio 
W. E. Wrather’, Washington, D. C. 
VICE-PRESIDENTS 


Robert W. Thomas’, Ray, Ariz. 

C. Harry Benedict*, Lake Linden, Mich. 
D. H. McLaughlin’, San Francisco, Calif. 
A. B. Kinzel®, New York, N. Y. 

Philip Kraft®, New York, N. Y. 


VICE-PRESIDENT AND TREASURER 
Andrew Fletcher’, New York, N. Y. 


DIRECTORS 


Oliver Bowles’, Washington, D. C. 
Arthur J. Blair’, Birmingham, Ala. 
W. W. Mein, Sr.?, San Francisco, Cal. 
C. V. Millikan’, Tulsa, Okla. 

E. E. Schumacher’, Murray Hill, N. J. 
John R. Suman’, Houston, Texas 


DIVISION CHAIRMEN—Directors Ex Officiis 
Frederick N. Rhines (Institute of Metals), Pittsburgh, 


Pa. 
Lloyd E. Elkins (Petroleum), Tulsa, Okla. 
C. D. King (Iron and Steel), Pittsburgh, Pa. 
E. R. Price (Coal), Wheelwright, Ky. 
Curtis L. Wilson (Mineral Industry Education), Rolla, 
0) 


Mo. 
Howard A. Meyerhoff (Industrial Minerals), Northamp- 
ton, Mass. 
S. J. Swainson (Minerals Beneficiation), Stamford, Conn. 
<oae _D. Sullivan (Extractive Metallurgy), Columbus, 
io. 


1.Director until Feb., 1950. *Director until Feb., 1951. 
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Newell G. Alford’, Pittsburgh, Pa. 
Richard J. Ennis’, Schumacher, Ont. 
J. B. Haffner’, Kellogg, Idaho 

Albert J. Phillips’, Barber, N. J. 
Cresap P. Watson’, Los Angeles, Cal. 
Clyde E. Weed’, New York, N. Y. 


William E. Brewster’, Chicago, Ill. 
William J. Coulter’, Denver, Colo. 
Erle V. Daveler®, New York, N. Y. 
James L. Head*, New York, N. Y. 
W. M. Peirce’, Palmerton, Pa. 
George P. Swift®, Waltham, Mass. 


See W. Pehrson (Mineral Economics), Washington, 


SECRETARY 
Edward H. Robie, 29 West 39th St., New York 18, N. Y. 


ASSISTANT SECRETARIES 
E. J. Kennedy, Jr., Ernest Kirkendall, William H. Strang 


ASSISTANT TREASURER: H. A. Maloney 


COUNSEL 
Douglas, Armitage & Holloway, New York, N. Y. 


8 Director until Feb., 1952. 
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EXECUTIVE COMMITTEE OF THE 
BOARD OF DIRECTORS 
L. E. Young, Chairman 

Donald H. McLaughlin, Vice-Chairman 


A. B. Kinzel Earle E. Schumacher 
John R. Suman 


FINANCE COMMITTEE OF THE 
BOARD OF DIRECTORS 
Erle V. Daveler, Chairman 
Philip Kraft Clyde E. Weed 


INVESTMENTS 
Erle V. Daveler, Chairman 


W. L. Kleitz, 752 Henry Krumb, ’50 
Joseph E. Pogue, ’51 


Ex officiis 


Andrew Fletcher, Treasurer, AIME 
Erle V. Daveler, Chairman, Finance 
Committee, AIME 


LOCAL SECTION APPROPRIATIONS 


Earle E. Schumacher, Chairman 
Linwood Thiessen Clyde E. Weed 


| 


ENDOWMENT 


Harvey S. Mudd, Chairman 


William J. Coulter D. C. Jackling 

Cleveland E. Dodge Milnor Roberts 

H. N. Eavenson W. A. Sinsheimer 
Wilfred Sykes 


ENDOWMENT FUND “x” 


Andrew Fletcher, Chairman 


Erle V. Daveler, ’52. Philip Kraft, '50 
Franz Schneider, ’51 ; 


HONORARY MEMBERSHIPS 


Harvey S. Mudd, Chairman 
Clyde Williams W. E. Wrather 


Henry Krumb, ’50 Leo F. Reinartz, ’53 
Howard C. Pyle, ’51 Reno, H. Sales, ’52 
L. E. Young, ex officio 


ADMISSIONS 


James L. Head, Chairman 
Albert J. Phillips, Vice-Chairman 


George B. Corless George C. Heikes 
T. B. Counselman R. D. Mollison 
R. L. Hallett Ivan A. Given 


JUNE 1949 AIME- g 


STANDING COMMITTEES 
1949 


MEMBERS’ CONDUCT 


Donald B. Gillies, Chairman | 
Rugene McAuliffe W. E. Wrather 


ROCKY MOUNTAIN INCOME | 


52 


Harvey S. Mudd, ’50 


Henry Krumb, Chairman, 
Philip Kraft, '51 


SEELEY W. MUDD MEMORIAL FUND 


Wilber Judson, ’51 ©C.H.Mathewson, ’49 
H. DeWitt Smith, ’50 
L. E. Young, ex officio 
Ek. H. Robie, ex officio 


GEMMELL MEMORIAL FUND 
D. C. Jackling, Chairman, ’°53 


J. M. Boutwell, ’54. E. W. Engelmann, 
Louis S. Cates, 52 "BO! 
W. B. Heroy, 751 


HENRY L. DOHERTY 
MEMORIAL FUND 
John M. Lovejoy, Chairman 
E. DeGolyer Warren A. Sinsheimer 


ROSSITER W. RAYMOND 
MEMORIAL AWARD 
J. R. Van Pelt, Jr., Chairman, 752 


N. G. Alford, ’53 C. H. Mathewson, 
Samuel H. Dolbear, "50 
"D1 M. G. Gulley, 754 


E. M. Wise, Chairman, Technical 
Publications Committee, ex officio 


ROBERT H. RICHARDS AWARD 
Cc. Harry Benedict, Chairman, ’50 


DOUGLAS METALLURGICAL MEDAL 
E. W. Engelmann, Chairman 


Until Feb. 1950 
R. G. Bowman 

EH. W. Engelmann 
M. G. Fowler 

R. F. Mehl 


Until Feb. 1951 
Ernest Klepetko 
C. H. Mathewson 
Daniel L. Ogden 
Kent R. Van Horn 


Until Feb. 1952 


John L. Christie 
Elmer Isern 

BE. R. Marble 

E. H. Rose 


Until Feb. 1953 


EK. A. Anderson 
H. W. Hardinge 
W. E. Remmers 
A. D. Turnbull 


L. BE. Young, ex officio 


SAUNDERS MINING MEDAL 
Fred Searls, Jr., Chairman 


Until Feb. 1950 
N. G. Alford 

J. Murray Riddell 
H. L. Roscoe 
Fred Searls, Jr. 


Until Feb. 1951 

S. S. Clarke 
William J. Coulter 
J. B. Morrow 
LeRoy Salsich 


L. E. Young, 


Until Feb. 1952 


Earl BE. Hunner 
Albert Mendelsohn 
Robert H. Morris 
Heath Steele 


Until Feb. 1953 


Jay A. Carpenter 
Cc. Evans, Jr. 

D. D. Moffat 

BE. S. McGlone 


ex officio 


LUCAS PETROLEUM MEDAL 
Herbert Hoover, Jr., Chairman 


Until Feb. 1950 


Herbert Hoover, Jr. 
James O. Lewis 
H. H. Power 


Until Feb. 1951 


H. F. Beardmore 
W.N. Lacey 


Until Feb. 1952 


A. R. Denison 
M. Gordon Gulley 
Howard C. Pyle 


Until Feb. 1953 


J. E. Brantly 
Fred M. Nelson 


Theodore EB. Swigart Wallace BE. Pratt 


Lyle M. Barker, 751 
Fred DeVaney, ’53 
Cc. Y. Garber, ’50 
Elmer Isern, 753 


Until Feb. 1950 


Zay Jeffries 
David D. Moffat 


Until Feb. 1951 
H. N. Eavenson 


G. M. Humphrey 


Ernest Klepetko, 
"52 

H. A. Pearse, ’52 

A. F. Taggart, ’51 


S. J. Swainson, ex-officio 


RAND FOUNDATION AWARD 
Zay Jeffries, Chairman 


Until Feb. 1952 
Eugene G. Grace 
Eugene Holman 
Until Feb. 1953 


S. F. Bowlby 
W. E. Wrather 


L. E. Young, ex officio 


Members ex Officiis 


James Boyd, Dir., U. S. Bureau of Mines 
W. R. Boyd, Pres., API 
Paul Weaver, Pres., AAPG 
L. E. Young, Pres., AIME 


ERSKINE RAMSAY MEDAL 
D. L. McElroy, Chairman ’50 

Clayton G. Ball, 53 C. P. Heiner, ’51 

W. C. Chase, 752 C. E. Hough, ’50 


Evan Evans, ’53 H. M. Moses, *52 
R. Y. Williams, ’°51 


L. E. Young, ex officio 
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TECHNICAL PUBLICATIONS 
COMMITTEE 


E. M. Wise, Chairman 
George C. Heikes, Vice-Chairman 
Gail F. Moulton, Vice-Chairman 
E. J. Kennedy, Jr., Secretary 
Anthony Anable J. I. Laudermilk 
Janet Z. Briggs W. H. Loerpabel 
Vinton H. Clarke E. C. Meagher 
W. 4H. Farrand Earl W. Palmer 
Francis B. Foley L. C. Raymond 
Gerald B. Gould Jerome Strauss 
Members ex officiis 
E. H. Robie BE, O. Kirkendall 
W.#H. Strang 


Auxiliary Publications Committees 


GEOLOGY AND METAL MINING 
R. A. Pallanch, Chairman 
Carlos Bardwell James R. Long 
E. W. Engelmann Whitman G. 
Ernest Klepetko Rouillard 
R. S. Lewis Leland A. Walker 


MINERALS BENEFICIATION 


DIVISION 
M. D. Hassialis, Chairman 
A. M. Gaudin F. M. Lewis 


Thomas M. Morris 


IRON AND STEEL DIVISION 


Michael Tenenbaum, Chairman 
A. G. Forrest C. S. Smith 
W. E. Mahin J. M. Stapleton 
B. R. Queneau F. M. Washburn 
Otto Zmeskal 


EXTRACTIVE METALLURGY 


Carleton C. Long, Chairman 
Hugh M. Shepard J. D. Sullivan 


INSTITUTE OF METALS DIVISION 


O. B. J. Fraser, Chairman 

W. C. Ellis, Vice-Chairman 
H. L. Burghoff E. H. Hollingsworth 
Gerald Edmunds G. L. Kehl 
W. R. Hibbard, Jr. R. L. Rickett 


COAL DIVISION 


H. P. Greenwald, Chairman 
Samuel M. Cassidy H. J. Rose 
David H. Davis G. Albert Shoe- 
Carroll F. Hardy maker 

J. A. Younkins 


PETROLEUM DIVISION 


Gordon H. Fisher, Chairman 
J. D. Collett, Jr, Paschal Martin 
K. C. Howard J. A. Slicker 


INDUSTRIAL MINERALS DIVISION 


H. D. Keiser, Chairman 
Oliver Bowles H. I. Smith 
Oliver C. Ralston Richard W. Smith 


MINERAL INDUSTRY 
EDUCATION DIVISION 


Carl Tolman, Chairman 
T. L. Joseph H. H. Power 
W. B. Plank A. W. Schlechten 


WAYS AND MEANS 


Philip Kraft, Chairman 
Albert J. Phillips, Vice-Chairman 
N. G. Alford Lloyd E. Elkins 
A. J. Blair H. A. Meyerhoff 
W. M. Peirce 
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COORDINATING COMMITTEE ON 
TECHNICAL PROGRAM FOR THE 
ANNUAL MEETING 


S. J. Swainson, Chairman 


Charles H. Behre, Jr. 


Philip B. Bucky 
W. A. Dean 

H. B. Emerick 
Richard M. Foose 


R. T. Gallagher 
Grover Holt 

T. D. Jones 

Elmer R. Kaiser 
John E. Sherbourne 


STUDENT RELATIONS 


M. D. Cooper, Chairman 
John V. Beall, Secretary 


John M. Boutwell 
R. G. Bowman 

A. C. Callen 

Clark B. Carpenter 
W. H. Carson 

T. G. Chapman 

W. R. Chedsey 
Carl J. Christensen 
John S. Crout 
James R. Cudworth 
N. A_D’Arcy, Jr. 
George H. Deike 
James D. Forrester 
J. B. Haffner 

BE. A. Holbrook 
Charles T. Holland 


T‘onald L. Katz 
Charles E. Lawall 
David R. Mitchell 
E. V. O’Rourke 
W. B. Plank 

H. H. Power 

E. R. Price 

J. Murray Riddell 
E. F. Schramm 
H. DeWitt Smith 
William I. Smyth 
G. R. Spindler 
W. A. Staab 

J. U. Teague 

F. A. Thomson 
S. T. Yuster 


Subcommittee on Student 
Prize-Paper Awards 


Clark B. Carpenter, Chairman 


E. F. Schramm 


William A. Staab 


LIBRARY 
Executive Committee 
James Douglas, 52, Chairman 
Frank T. Sisco, ’50 


Sa del 


Robie 


Ex officio 
General Committee 


Local Section 
Alaska 

Arizona 

Black Hills 
Boston 

Central Appalachian 
Chicago 
Cleveland 
Colorado 
Columbia 

Delta 

Detroit 

El Paso Metals 
Gulf Coast 
Lehigh Valley 
Mid-Continent 
Minnesota 
Montana 

Nevada 

New York 
North Texas 
Ohio Valley 
Oregon 
Philadelphia 
Pittsburgh 

St. Louis 

San Francisco 
Southeast 
Southern California 
Southwest Texas 
Tri-State 

Upper Peninsula 
Utah 
Washington, D. C. 
Wyoming 


Representative 
Earl H. Beistline 
B. S. Butler 
Edward L. Tullis 
R. Schuhmann, Jr. 
Veleair C. Smith 
F. L. Riddell 

L. W. Kempf 

J. Harlan Johnson 
Roger O. Oscarson 
BC. Crait 

D. Z. Dailey 

E. M. Thomas 

J. M. Bugbee 
John H. Frye 

H. M. Cooley 

W. H. Emmons 
A. E. Adami 
Vincent P. Gianella 
Jerome Strauss 
George H. Weber 
Howard Russell 
John E. Allen 
Charles B. Allen 
G. Thiessen 
James D. Forrester 
George J. Young 
Russell S. Poor 
L. W. Chasteen 
Ford A. Bankston 
H. H. Utley 

Carl Brewer 

R. S. Lewis 
Oliver C. Ralston 
R. P. Hogan 


RESEARCH 
Elmer R. Kaiser, Chairman 


R. S. Archer 
Fred C. Bond 

P. B. Bucky 

Jay A. Carpenter 
D. K, Crampton 
David H. Davis 
J. E. Drapeau, Jr. 
Gustav Egloff 

B. E. Field 

A. C. Fieldner 
Francis B. Foley 
Paul D. Foote 


Matthew A. Hunter 
Louis Jordan 

H. H. Lester 

C. B. MacQuigg 
Oliver C. Ralston 
F. H. Reed 

E, E. Schumacher 
H. A. Schwartz 
Arthur F. Taggart 
Sam Tour 

T. H. Wickenden 
Curtis L. Wilson 


COOPERATION WITH THE 


CANADIAN 


INSTITUTE OF MINING 


AND METALLURGY 


Alan M. Bateman, Chairman 
Max W. Ball, Vice-Chairman 


J. A. Brusset 
Roy H. Clarke 

R. W. Diamond 
Stanly A. Easton 
Horace J. Fraser 
F. W. Guernsey 
J. K. Gustafson 
M. L. Haider 
George C. Heikes 
Pierre R. Hines 
Oliver B. Hopkins 
John Knox 


Philip Kraft 

Hugh E. McKinstry 

William E. Milligan 

Milnor Roberts 

J. G. Ross 

Re Jee opry 

M. W. Summer- 
hayes 

Francis A. 
Thomson 

Scott Turner 

E. A. White 


PROBLEMS ARISING FROM 


COLLECTIVE 


BARGAINING 


Francis B. Foley, Chairman 


W. E. Brewster 
Basil P. Kantzer 
H. H. Kaveler 

Charles R. Kuzell 


Thomas G. Moore 
H. E. Nold 

E. E. Schumacher 
Scott Turner 


Frank A. Wardlaw, Jr. 


SEELEY W. MUDD SERIES 
VOLUME ON HEALTH AND SAFETY 
IN MINING 


Editorial Advisory Board 
Clarence M. Haight, Chairman 


J. J. Carrigan 
George H. Deike 
Oscar A. Glaeser 
Daniel Harrington 


H. C. Henrie 
'‘rneodore Marvin 
T. G.-Murdock 
R. R. Sayers 


SEELEY W. MUDD SERIES 
VOLUME ON MECHANICAL LOAD.- 
ING AND HAULAGE IN UNDER- 
GROUND MINES 


Editorial Advisory Board 
Cadwallader Evans, Jr., Chairman 


L. C. Campbell 
William J. Coulter 
Lucien Eaton 

R. T. Hlstad 
Andrew Fletcher 


R. E. Kirk 
Eugene McAuliffe 
D. L. McElroy 
R. E. Salvati 
Louis Ware 


G. Townsend Harley Clyde E. Weed 


C. T. Hayden 


L. E. Young, Editor 


HENRY L. DOHERTY MEMORIAL 


VOLUME ON 


PETROLEUM 


CONSERVATION 
Stuart E. Buckley, Chairman 


Cc. E. Beecher H. N. Marsh 

F. DeGolyer C. V. Millikan 

R. E. Hardwicke A. C. Rubel 
W. V. Vietti 


COMMITTEE ON NOMINATIONS FOR 
1850 INSTITUTE OFFICERS 


H. Y. Walker, Chairman 


Eric R. Jette 


District Section 


Boston 


New York 
Cleveland 
Chicago 
Canada 
Black Hills 
St. Louis 
Southeast 


SW MOAD TP toD He 


Permian 
Basin 
11 Colorado 
12 Montana 
13 San Fran- 
cisco 
14 Southern 


California 


15 Carlsbad 
Potash 


Philadelphia 


North Texas 


Albert Mendelsohn 


Representative 


Roland D. Parks 
T. T. Watson 
Thomas G. Moore 
Harley C. Lee 

T. S. Washburn 
R. W. Diamond 
Guv N. Bjorge 

J. H. Steinmesch 
F. H. Rose 

C. B. Carpenter 


W. L. Crothers 
C. E. Dobbin 

H. J. Rahilly 

Ira B. Joralemon 
Henry T. Mudd 


G. T. Harley 
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GENERAL MEMBERSHIP 


c. L. Barker, Chairman 
A. E. Stutter, Secretary 


(Committee is composed of Chairmen of 
Local Section and Division Committees 
on Membership) 


DIVISION MEMBERSHIP 
COMMITTEES 


MINERAL INDUSTRY EDUCATION | 


Harry E. Krumlauf, Chairman 
And the Faculty Sponsors of Student 
Chapters and Affiliated Student 
Societies 
MINERALS BENEFICIATION 
Nathaniel Arbiter, Chairman 


James A. Barr, Jr. J. C. Lokken 
Norman L. Weiss 


COAL 


Curran Cavanagh, Chairman 


S. J. Craighead Charles M. Schloss 
Henry A. Dierks Fred O. See 

P. H. Haskell, Jr. Glenn E. Sorenson 
Charles T. Holland Theodore S. Spicer 
Louis W. Huber Richard H. Swallow | 
James Hyslop Harold B. Wickey | 


INDUSTRIAL MINERALS 


Richard W. Smith, Chairman 
Olaf P. Jenkins, Vice-Chairman 


J. A. Barr, Sr. Henry Mulryan 
Oliver Bowles Leslie C. Richards 
Edward L. Clark Jasper L. Stuckey 


EXTRACTIVE METALLURGY 


Robert H. Ridgway, Chairman 

Michael B. Beaver Edward M. 
Paul C. Feddersen Tittmann 
W. H. Goodrich Ralph H. 
L. L. McDaniel Waddington 
R. R. McNaughton Richard A. Young 
Albert W. Stuart R. 

Schlechten Zimmerley 


IRON AND STEEL 


Norman F. Tisdale, Chairman 
Worley P. Albaugh Vernon W. Jones 
Herbert J. Cutler Charles L. Labeka 
Charles H. Dewey James Nagy 
Harold B. Emerick R. Earl Penrod 
Robert B. Freeman Harry A. Strain 
John J. Golden Bartow W. 

James W. Halley Van Voorhis, Jr. 
Carl F. Hoffman Clifton L. Wyman 


INSTITUTE OF METALS 
Rolland Sydney French, Chairman 
J. H. Scaff, Vice-Chairman 
Michael B. Bever Raymond A. Quadt 


Edward J. Boyle Stephen L. 
Robert Maynard St. Jean, Jr. 

Brick Clarence Arnold 
H. A. Caldwell Siebert 


Carl J. Christensen 
John EF. Dorn 


Dana W. Smith 
John C. Southard 


L. D. Fetterolf Joseph W. 
William J. Spretnak 
Harris, Jr. John E. Stukel 


_H. S. Jarabek 
William E. Mahin 


Lloyd George 
Tinkler 


PETROLEUM 
Frank Briggs, Chairman 


Burton Atkinson, Vice-Chairman 
Joseph H. Barnett, Vice-Chairman 
Nicholas A. D’Arcy, Jr., Vice-Chairman 
Vincent J. Mercier, Vice-Chairman 
John K. Wright, Jr., Vice-Chairman | 
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LOCAL SECTION 
MEMBERSHIP COMMITTEES 


ALASKA 


Harry B. Palmer, Chairman 


Donald J. Cook Bruce Ira Thomas 


ARIZONA 


Bruce B. Whitney, Chairman 
Alfred T. Barr C. H. Dunning 


James W. Byrkit Morris G. Fowler 
B. R. ‘Coil Darrell Gardner 
Wm. P. Crawford Walter I. Garms 


Frank H. Day Allen D. Look 
Grover J. Duff L. L. McDaniel 
Martin L. Plass 


BLACK HILLS 
William C. Campbell, Chairman 


J. P. Gries Arthur I. Johnson 
Donald E. Moulds 


BOSTON 
Harrison |. Dixon, Chairman 


Daniel Cushing Roland Dane Park 
Hugh Exton George P. Swift 
McKinstry R. Maurice Tripp 


n 


CARLSBAD POTASH 
Jerry E. Tong, Chairman 


Walter J. Dean Kern Smith 
Charles L. Jones William P. Wilson 


CENTRAL APPALACHIAN 
Veleair C. Smith, Chairman 
George E. Keller 


CHICAGO 
William D. Millar, Jr., Chairman 


Clinton Harding Kurt Neustaetter 
E. K. Miller, Jr. Melvin E. Nickel 
John H. Reese 


CLEVELAND 
Edward J. Vargo, Chairman 
Joseph F. Cerness John J. Vanas, Jr. 


COLORADO 
David P. Hale, Jr., Chairman 
San Juan Subsection, Wallace G. Fetz- 


er; Climax Subsection, John P. Hamm 
COLUMBIA 
Frank M. McKinley, Chairman 
Rollin Farmin Howard P. 
Sherman 


CONNECTICUT 
George F. Donahue, Chairman 


DELTA 
Henry M. Krause, Chairman 


Ray Feirabend H. E. Metzger 

J. R. Gregson Elmer A. Olson, Jr. 

J. M. Henderson Chas. L. Powell, Jr. 

J. W. Hood J. E. R. Sheeler 
F. E. Simmons, Jr. 


DETROIT 
Robert N. Lynch, Chairman 


EL PASO METALS 
Thomas J. Woodside, Chairman 


A. A. Brown M. W. Hayward 
Hugh M. Craigie William W. Long 
Philip Doerr G. S. McKay 
Earl W. Donahue Paul A. Steger. 
John F. Graham A. Joseph Yaeger 


GULF COAST 
Edgar A. Rassinier, Chairman 


H. S. Arendt R. P. Ridley 
Herman A. Otto Chit Wi. Trice 


KANSAS 
P. T. Amstutz, Jr., Chairman 


Bilis L. Anders Waldo R. Warren 
Carl R. Temple Pp. A. Witherspcon 


LEHIGH VALLEY 
H. Richard Gault, Chairman 


Thomas G. Foilkes John Landon 
C. Alvin Lorenson Rodda 
Edward Martinez John Charles 
A. F. Peterson Williams 


MID-CONTINENT 
R. H. Gwinner, Chairman 
Cc. B. Caruthers Herb A. Koch 


MINNESOTA 
James Wilbur Van Evera, Chairman 


Kenneth Duncan R. D. Longyear 
P. W. Kruse H. M. Pickering 


MONTANA 
Orrin D. Weeks, Chairman 


Earl M. Baldwin Roy H. Miller 
Emil S. Kramlick Jule L. Searles 
S. M. Lane Cc. T. Wise 


NEVADA 
H. B. Chessher, Sr., Chairman 


Sa aeArentz mais Charles W. Davis 
Albert Silver 


NEW YORK 
James Douglas, Chairman 


NORTH PACIFIC 
Charles R. Low, Chairman 
W. A. G. Bennett Earl R. McMillan 


NORTH TEXAS 
Sam N. DeWitt, Chairman (Dallas) 
Geo. P. Nathman T. W. Nelson 
William .B. Watson, Chairman 
(Fort Worth) 
William A. Pearce 
Henry K. Hollan, Jr., Chairman 
(Wichita Falls) 
Vassar E. Lewis Ha Cs Taylorwors 


OHIO VALLEY 
Homer Faust, Chairman 


OKLAHOMA CITY 
David L. Dooley, Chairman 


Elmer G. Martin O. 
Dahlgren Hegglund 
OREGON 
George C. McBride, Chairman 
Fred D. Robert T. C. 
Gustafson Rasmussen 


James M. Orr N. S. Wagner 


PENNSYLVANIA ANTHRACITE 
George A. Roos, Chairman 


W. W. Everett W. Julian Parton 
George H. Holland Walter B. Petzold 


PERMIAN BASIN 
Joe Chastain, Chairman 


PHILADELPHIA 
Ralph W. E. Leiter, Chairman 
A. B. Bagsar A. A. Bradd 


PITTSBURGH 
Norman F. Tisdale, Chairman 


ST. LOUIS 
O. M. Bishop, Chairman 
G e B. Clark Drew F. Holbrook 
LP. Davidson K. A. Johnston 
M. M. Fine Walter D. Keller 
Jules C. George Paul L. Richards 
N. S, Hinchey A. W. Schlechten 
Ww. W. Weigel 


SAN FRANCISCO 
J. Ward Downey, Chairman 


E. Dean Elshire Walter L. Penick 
A. A. Hoffman Bates K. Shedd 
Jack H. How F. George Trescher 
N. A. O’Donnell George J. Young 
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SOUTHERN CALIFORNIA 
Nichaola A. D’Arcy, Jr., Chairman 
Edward D. Arthur Stuart H. Ingrah 
Carrol M. Beeson Richard H. Jahns 

Harold H. Block James A. 
Lawrence W. Kavenaugh 
Chasteen Theodore 8. 
Irving Dagan Mitchel 
Seth K. Droubay L. A. Norman, Jr. 
Maynard K. Drury Kenneth B. Powell 
M. H. Evans w. A. Saylor 
Keith F. Finlay Richard Stewart 
Albert W. Gentry A. Carl Tutschulte 
Walter B. Hester Walter P. Wallace 
William N. Hiatt Rolla W. Walling 


SOUTHWESTERN NEW MEXICO 
John Gay Reilly, Chairman 
Walter J. Akert Donald R. Purvis 
John N, Faick Robert W. Shilling 
SOUTHWEST TEXAS 
Harold L. Moseley, Chairman 


Emil F. Bowers Cecil Warden 

Barrett E. Booth Kelley, Jr. 

Duval A. Edward J. Klaeger 
Davidson, Jr. Henry N. Lyle 


Jee elaxper Neal D. Terry 
Henry Hoffman, Jr. Lee J. Thronson 


TRI-STATE 
Ernest Blessing, Chairman 


Edwin H. C. B. Stover 
Crabtree, Jr. Robert K, Stroup 


UPPER PENINSULA 
James S. Westwater, Chairman 


Thomas M. B. L. Knudsen 
Broderick 


UTAH 


James K. Richardson, Chairman | 


WASHINGTON, D. C. 
Robert B. McCormick, Chairman 


WYOMING 
Glenn E. Sorenson, Chairman 
B. W. Brown F. H. Kratka, Jr. 


1949 
PROFESSIONAL DIVISIONS 


Officers and Committees 


Mineral Industry Education 
Division 
Established as a Division 
January 15, 1932 
Curtis L. Wilson, Chairman 
Allison Butts, Vice-Chairman 


J. Donald Forrester, Secretary-Trea- 
surer; Missouri School of Mines & 
Metallurgy, Rolla, Mo. 


EXECUTIVE COMMITTEE 
Until Feb., 1950 Until Feb., 1951 
Tats Cothern Clark B. Carpenter 
Joseph Daniels William BE, Milligan 
H, L. Walker Carl Tolman 
Until Feb., 1952 


R. T. Gallagher 
T. L. Joseph 
Ben H. Parker 


J. R. Cudworth, Past-Chairman 


PROGRAMS AND MEETINGS 
R. T. Gallagher, Chairman 


C. H. Behre, Jr. H. R. Hanley 
P. B. Bucky H. H.Power 


PUBLICATIONS 
W. B. Plank, Chairman 


George J. Barker J. W. Stewart 
C. H. Behre, Jr. Harold Vance 


GRADUATE STUDY 
J. D. Forrester, Chairman 
Gaudin Albert B. Stevens 


A. M. 
T. L. Joseph Carl Tolman 
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OFFICIAL AIME REPRESENTATIVES, 1949 


United Engineering Trustees, Inc. 

James L. Head, ’50 E. C. Meagher, ’52 
Gail F. Moulton, °53 
The Engineering Foundation 

E. R. Kaiser,:’50 W. M. Peirce, *52 
E. C. Meagher, ex officio as Pres., UET 

Engineering Societies Library Board 
James Douglas, 752 Frank T. Sisco, ’50 


American Standards Association 
Mining Standardization Correlating 
Committee 
Otto Herres, 749 H. H. Otto, ’49 
2 bY eLillson; 50 


Alternates 
E. W. Bullard, ’49 Robert H. Morris, 50 
E. R. Price, 750 
National Research Council, Division of 


Engineering and Industrial Research 
Oliver C. Ralston 
John Fritz Medal Board of Award 
Louis S. Cates, *50 W. E. Wrather, 752 
Erle V. Daveler, 751 L. E. Young, 53 
Hoover Medal Board of Award 
Cadwallader Evans, Jr., °52 
Paul D. Merica, ’54 
Seott Turner, 50, Chairman 
Alfred Noble Prize Committee 
J. Re “Van Pelt, Jr:,,750 


Joseph A. Holmes Safety Association 
S. H. Ash, ’49 

Joint Committee on National Defense 
W. B. Plank 


Washington Award Commission 
Howard A. Herder, *51 
Hjalmar W. Johnson, "50 
Engineers Joint Council of 
Founder Societies 


H. G. Moulton BE. H. Robie 
Scott Turner 
James L. Head, Alternate 


Engineers’ Council for Professional 
Development 
J. R. Cudworth, ’50 C. E. Lawall, ’51 
Curtis L. Wilson, ’52 
Research Procedure Committee of 
The Engineering Foundation 
E. R. Kaiser 
Joint Committee on Engineering 
Societies Monographs 
Reed W. Hyde, °49 
E. M. Wise, ex officio as Chairman, 
Technical Publications Committee 
Engineering Index, Inc. 
Landon F. Strobel, °49 
Inter-American Engineering 
Co-operation 
George A. Easley Joseph P. McCulloch 


Joint Committee on the Economic 
Status of the Engineer 


Franeis B. Foley Seott Turner 
L, E. Young 


Council. American Association for the 
Advancement of Science 


Cc. H. Mathewson 
Donald H. McLaughlin 


i 


MINING COURSES 
M. I. Signer, Chairman 


A. E. Adami W. R. Chedsey 
George T. Bator J. Murray Riddell 


METALLURGY COURSES | 
J. P. Spielman, Chairman 


T. G. Chapman A, W. Schlechten 
W. E. Milligan R. Schuhmann, Jr. 


GEOLOGY COURSES 
Norman §S. Hinchey, Chairman 


T. G. Andrews B. S. Butler 
Cc. Hi. Behre; Jr. John J. O'Neill 


MINERAL DRESSING COURSES 
Joseph Newton, Chairman 


S. R. B. Cooke H. Gordon Poole 
N. H. Manderfield O. Cutler Shepard 


GEOPHYSICS COURSES 
Clyde H. Wilson, Chairman 


C. A. Heiland J. B. Macelwane 
Sherwin F, Kelly H. W. Straley 


PETROLEUM ENGINEERING 
COURSES 
Robert L. Whiting, Chairman 
Wilber F. Cloud Donald L. Katz 
F, A. Graser J. I. Laudermilk 


INDUSTRIAL MINERALS AND 
CERAMICS COURSES 
Paul G. Herold, Chairman 
C. 8. Crouse A. M. Short 
A. F. Greaves- J. L. Stuckey 
Walker 


LATIN-AMERICAN BDUCATION 
RELATIONS 
Edward Steidle, Chairman 
John C. Fox Francis A. Thomson 
E. M. Thomas C. W. Wright 


MINERAL ECONOMICS EDUCATION 
W. M. Myers, Chairman 

BE. H. Kraus Drury A. Pifer 

R. D. Parks Francis A. Thomson 


EMPLOYMENT CONDITIONS FOR 
MINERAL ENGINEERS 
Ben H. Parker, Chairman 


i Barker M. A. Hunter 


de 
J. Christensen R. Z, Williams 


VOCATIONAL GUIDANCE 
Charles H. Behre, Jr., Chairman 
M. D. Cooper H. E. McKinstry 
Cy D: Buln: Cc. H. Steele 
M. M. Leighton Ww. T. Thom 
John W. Vanderwilt 


COLLEGE ENROLLMENT 
STATISTICS 
W. B. Plank, Chairman 


REGISTRATION OF ENGINEERS 
H. E. Nold, Chairman 
C. S. Crouse E. A. Holbrook 


MEMBERSHIP 
Harry E. Krumlauf, Chairman 
The Faculty Sponsors of Student Chap- 
ters and Affiliated Student Societies 
NOMINATIONS 
J. R. Cudworth, Chairman 


A. C. Callen BE. A. Holbrook 
A. F. Greaves- Francis A. Thomson 
Walker 


Mineral Economics Division 
Established as a Division 
December 15, 1948 
Elmer W. Pehrson, Chairman 
Charles H. Behre, Jr., Vice-Chairman 
W. H. Voskuil, Vice-Chairman 
Felix E. Wormser, Vice-Chairman 


Richard J. Lund, Secretary-Treasurer; 
Battelle Memorial Institute, 505 King 
Ave., Columbus 1, Ohio 


EXECUTIVE COMMITTEE 
Until Feb., 1950 Until Feb., 1951 


Joseph A. Corgan Olaf P. Jenkins 
John D, Gill W.M. Myers 
George A. Lamb H. J. Struth 


Until Feb., 1952 


Alan M. Bateman 
M. M. Leighton 
Arthur Notman 


PAPERS AND PROGRAM 
Charles H. Behre, Jr. 


NOMINATING 
Elmer W. Pehrson 
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OFFICERS AND 


ALASKA 
Established Nov. 19, 1947 
Regular meetings last Monday of 
each month 
Ted C. Mathews, Chairman 
Patrick H. O’Neill, Vice-Chairman 
Ralph B. Norris, Secretary-Treasurer 
Box 643, Fairbanks, Alaska 
District Vice-Chairmen 
Leonard M. Berlin, Juneau, Alaska 
Harold Strandberg, Anchorage, Alaska 
Frank E. Love, Nome, Alaska 


ARIZONA 
Established July 10, 1915 
P. D. |. Honeyman, Chairman 
Albert Mendelsohn, First Vice-Chairman 
Wesley P. Goss, Second Vice-Chairman 
Ben G. Messer, Secretary-Treasurer 
Miami Copper Co., Miami, Ariz. 
Directors 


L. M. Barker W. C. Lawson 


AoE. Barr D. E. Mills 

T. G. Chapman J. B. Pullen 

Be R. Coil J. A. Richards 

J. S. Coupal Brent N. Rickard 
E. R. Dickie H. C. Weed 

G. J. Duff J. A. Wilcox 

D. Gardner R. I. Williams 
W. I. Garms C. F. Willis 


H. M. Lavender William Wraith, Jr. 


Past Chairmen 
R. W. Hughes C. R. Kuzell 
R. W. Thomas 
Morenci Subsection 
D. H. Orr, Jr., Chairman 
William M. Koltun, Program Chairman 
Ajo Subsection 
W. H. Keener, Chairman 
George Bell, Vice-Chairman 
Richard Rhoades, Secretary-Treasurer 


BLACK HILLS 
Established Dec. 18, 1936 
Fremont F. Clarke, Chairman 
John P. Gries, First Vice-Chairman 
James O. Harder, Second Vice-Chairman 
A. L. Slaughter, Secretary-Treasurer 
Box 846, Lead, S. Dak. 
Executive Committee 


Albro C. Ayres Clarence N. Kravig 
Renaldo Gallo A. B. Needham 


BOSTON 
Established Sept. 20, 1911 
Meets first Monday of each month, 
October to May, inclusive 
George P. Swift, Chairman 
Hugh E. McKinstry, Vice-Chairman 
Roland D. Parks, Secretary-Treasurer; 
Massachusetts Institute of Technology, 
Cambridge, Mass. 


Daniel Cushing R. Maurice Tripp 


CARLSBAD POTASH 
Established Sept. 18, 1946 
Meets third Thursday in the month 
except July and August 
J. P. Smith, Chairman 
G. E. Atwood, Vice-Chairman 
E. W. Douglass, Vice-Chairman 
J. G. Nutt, Secretary-Treasurer 
Box 31, Carlsbad, N. Mex. 

E. A. Schoeld, Program Committee 
Chairman 


JUNE 1949 AIME - 


1949 


CENTRAL APPALACHIAN 
Established Oct. 17, 1940 


R. H. Allen, Chairman 
L. W. Huber, Vice-Chairman 
W. A. Staab, Vice-Chairman 
J. T. Parker, Vice-Chairman 
Charles T. Holland, Secretary- 


Treasurer, Box 836, Blacksburg, Va. 


Executive Committee 


John Galpin C. E. Lawall 

J. A. Hagy B. H. Mott 

G. R. Higinbotham EE. H. Shriver 
G. R. Spindler 


CHICAGO 
Established Feb. 26, 1914 
Holds dinner meeting first Wednesday 
of each month. October to May, inclu- 
Sive, at the Chicago Bar Association 
T. S. Washburn, Chairman 


_ H. A. White, Secretary-Treasurer, 
Smeeth-Harwood Co., 2401 W. Cermak 
Road, Chicago 8, Ill. 


Past Chairmen 


J. EK. Drapeau, Jr. H. A. Herder 
G. P. Halliwell HA. W. Johnson 
A. S. Nichols 


W. E. Brewster, National Director 
Wilfred Sykes, Past National Director 
W. R. Wright, 
W. E. Mahin, Program 
W. D. Millar, Jr., Membership 
M. E. Nickel, News Correspondent 
H. M. St. John, Student Relations 
J. H. Reese, Reception 
R. Tietig, Personnel Service 
Representative 
Cc. M. Squarcy, Junior Engineer 
Representative 


D. L. Colwell, Inter-Society 
Representative 


R. E. Laub, Inter-Society Representative 
W. J. King, Inter-Society Alternate 
F. L. Riddell, Inter-Society Alternate 


Members-at-Large 


G. J. Barker P. R. Nichols 

P. A. Beck B. R. Queneau 
Martin Dietl W. P. Ruemmler 
G. M. Enos H. L. Walker 


W.S. Lienhardt Otto Zmeskal 


CLEVELAND 
Established April 17, 1936 


John M. Kiefer, Jr., Chairman 
Joseph F. Cerness, First Vice-Chairman 
Charles H. Junge, Second Vice-Chairman 


Charles H. Junge, Secretary; Cleveland 
Graphite Bronze Co., 17000 St. Clair 
Ave., Cleveland 10, Ohio 


Reidar Eriksen, Treasurer 


Executive Committee 


Reidar Eriksen Harold Y. Hunsicker 
Milton Tilley 


Committee Chairmen 
B. J. Vargo, Membership 
kK. H. Donaldson, Program 
V. F. Kalan, Publicity 
J. R. Hamilton, Registration 


Past National Director 


COMMITTEES OF LOCAL SECTIONS OF THE AIME 


COLORADO 
Established May 23, 1913 
M. |. ‘Signer, Chairman 


J. W. Vanderwilt, Vice-Chairman 


| J. Paul Harrison, Secretary-Treasurer 
607 First National Bank Bldg., 
| Denver 2, Colo. 
Directors 
BK. D. Dickerman E. J. Eisenach 


C. E. Dobbin (Climax Subsection) 
M. H. Robineau 


H. S. Worcester (San Juan Subsection) 


San Juan Subsection 
M. G. McGrath, Chairman 
W. G. Fetzer, Secretary-Treasurer, 
P. O. Box 270, Grand Junction, Colo. 


| Climax Subsection 
A. G. Gunnelson, Chairman 
L. H. Glanville, Vice-Chairman 
John Mullen, Treasurer 
John P. Hamm, Secretary, 
Leadville, Colo. 


COLUMBIA 
Established Nov. 24, 1911 
Holds meeting first Friday of each 
month except July and August 
Cc. Y. Garber, Chairman 
Howard P. Sherman, Vice-Chairman 
Joseph A. Mecia, Vice-Chairman 
L. A. Grant, Secretary-Treasurer; Day 
Mining Co., Box 795, Wallace, Idaho 
Harold Kirkemo, Assistant Secretary, 
466 Peyton Bldg., Spokane 8, Wash. 


Snake River Subsection 
Joseph A. Mecia, Vice-Chairman 
Harry W. Marsh, Assistant Secretary ; 
Idaho Min. Assoc., 304 Capitol Securities 
Bldg., Boise, Idaho 


CONNECTICUT 
Established Sept. 30, 1947 
Lewis E. Thelin, Chairman 

Lloyd E. Raymond, Vice-Chairman 
David H. Thompson, Secretary- 
Treasurer, The American Brass 
Company, Waterbury 88, Conn. 


Committee Chairmen 
George F. Donahue, Membership 
Theodore H. Carlson, Publicity 


Director-at-Large 
Walter R. Hibbard, Jr. 


DELTA 
Established Sept. 18, 1946 
Meets second Tuesday in the month 
except during June, July, and August 
E. N. Dunlap, Chairman 
H. M. Krause, Jr., Vice-Chairman 
Charles R. Blomberg, Vice-Chairman 
Fred E. Simmons, Jr., Secretary- 
Treasurer; 1901 American Bank Bldg., 
New Orleans, La. 
J. P. Ratliff, Jr., Journal Secretary 


Directors 
H. C. Petersen 
BE. G. Robinson 
J. C. Posgate - 


Chairmen of Committees 
A, Claudet, Program 
E. N. Van Duzee, Activities 
H. M. Krause, Jr., Membership 
P. J. Ratliff, Publicity 
Cc. R. Blomberg, House 
Dan Payne, Co-Chairman, Publicity 


A, Claudet 
B. C. Craft 
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DETROIT 
Established Feb. 18, 1936 
Holds meetings third Monday of each 
month, except June through September 
R. F. Mather, Chairman 
F. P. Bens, Vice-Chairman 
R. D. Chapman, Secretary, Engineering 


Div., Chrysler Corp., 12800 Oakland 
Ave., Detroit, Mich. 


B. B. Beckwith, Treasurer 
Executive Committee 


BE. W. Engle, Jr. Cc Lo Raynor 
R. N. Lynch C. A. Siebert 
W. B. McFerrin BE. W. Weinman 


EAST TEXAS 
Established April 18, 1940 
Meets the second Tuesday of each 


month except July, August, 
and September 


J. M. Shepherd, Chairman 
W. W. Leonard, Vice-Chairman 
R. F. Beery, Jr., Secretary-Treasurer 
Shell Oil Co., Ine., 
Box 32, Kilgore, Texas 


John S. Bell W.M. Jones 
L. H. Dial P. J. Lehnhard 
R. M. Hess R. T. Wade 


EL PASO METALS 
Established March 25, 1927 
Meets second Wednesday each month 


Edward M. Tittman, Chairman 
J. E. Despins, Vice-Chairman 
Guy E. Ingersoll, Secretary-Treasurer 
Texas College of Mines and Metallurgy, 
El Paso, Texas 


Directors 
Perry A. Alers A. F. Horle 
A. A. Collins William W. Long 


Hugh M. Craigie R. J. Mellen 
E. W. Donahue W.S. Strain 
T. J. Woodside 


GULF COAST 
Established Dec. 13, 1935 
Meets third Tuesday of each month 


Owen F. Thornton, Chairman 
Ernest B. Miller, Jr., Vice-Chairman 
A. B. Stevens, Vice-Chairman 
George Fancher, Vice-Chairman 
Everett F. Stratton, Secretary-Trea- 
surer, P. O. Box 2175, Houston, Texas 


Board of Directors 
Fred M. Nelson, ’50 G. D. Robertson, 50 
George L. Nye. ’49 L. V. Uhrig, ’49 
Ralph W. Wilson, °49 


KANSAS 

Established Nov. 17, 1948 

V. J. Mercier, Chairman 

District Vice-Chairmen 
W. C. Pearson, Western Kansas 
Gene E. Abernathy, Eastern Kansas 

Daniel H. Sholtus, Wichita 

W. F. Brown, Secretary-Treasurer 


Dowell Incorporated, 519 Union National 
Bank Bldg., Wichita 2, Kansas 


Directors 


Ves ge Amstutz, dhe. C. F. Weinaug 
W. R. Warren P. A. Witherspoon, Jr. 


LEHIGH VALLEY 
Established March 27, 1924 
F. E. Van Voris. Chairman 
R. T. Gallagher, Vice-Chairman 
B. J. Larpenteur, Vice-Chairman 
R. B. Hoy, Vice-Chairman 
C. G. Tebelman, Jr., Secretary 
Bethlehem Steel Co., Mining Dept., 
Bethlehem, Pa. 
Robert G. Peets, Treasurer 


Managers 


W.S. Cumings M. L. Fuller 
J. W. Guider 


Committee Chairmen 
W. S. Cumings, Program 
M. L. Fuller, Nominating 
HK. R. Gault, Membership 
J. F. Libsch, Student Prize Award 
D. Lyons, Hospitality 
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MID-CONTINENT 
Established Dee. 28, 1917 
John P. Hammond, Chairman 
J. Murray Walker, First Vice-Chairman 
R. H. Gwinner, Second Vice-Chairman 
Roy H. Smith, Secretary-Treasurer 
Stanolind Oil and Gas Co., Box 591, 
Tulsa, Okla. 
Executive Board 


C. B. Carruthers Jack Tarner 
Meyer H. Dubrow A. W. Walker 
J. M. Wanenmacher 


Ex officiis 
R. C. Earlougher P. P. Manion, Jr. 
P. BE. Fitzgerald C. V. Millikan 


MINNESOTA 
Established Dec. 20, 1920 
Annual meeting second week in 
January; other meetings as 
called by the officers 
W. L. Taylor, Chairman 
Grover E. LeVeque, Vice-Chairman 
Charles J. O’Connell, Secretary-Trea- 
surer, 400 West Franklin Ave., 
Minneapolis 5, Minn. 


Directors 


R. H. B. Jones Edward P. Scallon 
Richard W. Whitney 


MONTANA 
Established Oct. 17, 1913 
Meetings held the fourth Tuesday of the 
month except July and August 
J. Hollis McCrea, Chairman 
J. P. Spielman, Vice-Chairman 
F. W. Strandberg, Secretary-Treasurer 
Anaconda Copper Mining Co., 
421 Hennessy Bldg., Butte, Mont. 
Executive Committee 
Kuno Doerr, Jr. E. C. Van Blarcom 


Committee Chairmen 
George T. Hanson, Program 
Orrin D. Weeks, Membership 
H. G. Satterthwaite. Nominating 
Morean H. Wright, Student Awards 
William J. Waylett. Professional 
Development of Junior Members 


NEVADA 
Established Jan. 21, 1916 
Louis D. Gordon, Chairman 
John C. Kinnear, Jr., Vice-Chairman 
Andrew C. Rice, Secretary-Treasurer 
Box D, University Station, Reno, Nev. 


Executive Committee 


Norman T, Annett 7. Rav Coulter 
Samuel S. Arentz, Jr. John M. Heizer 


Reno Branch 
Luncheon meeting the first Thursday 
of every month 
Albin C. Johnson, Chairman 
Albert Silver, Secretary-Treasurer 


NEW YORK 
Established May 19, 1911 
Holds monthly meetings except Febru- 
ary, June, July, August, and September 
Theodore B. Counselman, Chairman 
Thomas G. Moore, Past Chairman 
Robert H. Ridgway, Vice-Chairman 
John T. Sherman, Vice-Chairman 
P. Malozemoff, Secretary; Newmont 
Mining Corp., 14 Wall St., 
New York 5, N. Y. 
Fred D. Kay, Treasurer 


Committeemen 
James Dougias Louis C. Raymond 
Richard D. Mollison James S. Vanick 
Philip D, Wilson 


NORTH PACIFIC 
Established March 28, 1913 
Meets third Thursday of each month 
except June, July, and August 
aeneoal H. Anderson, Chairman 
ee W. Heinzinger, Vice-Chai 
W. C. Leonard, Boreacaveeter ance 
Tacoma Smelter, American Smelting & 
Refining Co., 3709 No, Madison, 
Tacoma, Wash. 


Drury A. Pifer, Corresponding Secretary 


Counselors 


Paul T. Benson E. R. MeMillan 
H. F. Yancey 


NORTH TEXAS 
Established May 16, 1945 
Don L. Harlan, Chairman 
J. A. Slicker, Vice-Chairman 
for Fort Worth ; 
J. A. Crichton, Vice-Chairman for Dallas 
|. E. Curtis, Vice-Chairman 
for Wichita Falls 
S. V. McCollum, Secretary-Treasurer 
Continental Oil Co., 1710 Fair Bldg., 
Fort Worth 2, Texas 


Directors 
Tom E. Morton 
W. D. Sorrells 
L, P. Wharton 


D. H. Clewell 
W. J. Jackson 
BE. E. Merkt, Jr. 


OHIO VALLEY 
Established Nov. 19, 1920 
William A. Mueller, Chairman 
Donald W. Scott, Vice-Chairman 
John H. Melvin, Secretary-Treasurer 
State Geologist, Ohio Geological Survey, 
Ohio State University, Columbus 10, Ohio 
Frank G. Smith, Assistant Secretary- 
Treasurer 
Chairmen 
R.. J. Lund, Program Committee 
Homer Faust, Membership Committee 
Cloyd A. Snavely, Representative, 
Junior Members 
John A. Schumann, Representative, 
Student Associates 
Clyde Williams, National Director 


Area Representatives 


C. E. Bales, Portsmouth 

W. B. Berwald, Findlay 
Robert S. Bower, Cincinnati 

C. R. FonDersmith, Middletown 

George R. Long, Dayton 
James D. Reilly, St. Clairsville 
Max A. Tuttle. Indianapolis 

R. M. Woodward, Newark 


OKLAHOMA CITY 
Established Feb. 18, 1947 
Lincoln F. Elkins, Chairman 
Nico Van Wingen, Vice-Chairman 
Henry Waszkowski, Vice-Chairman 
Martin O. Hegglund, Secretary-Trea- 
surer, Stanolind Oil and Gas Co., 
2003 First National Bldg., 
Oklahoma City, Okla. 
Directors . 

R. J. Beams C. E. Clason H. R. Sells 


OREGON 
Established April 22, 1921 
Meets third Friday of each month 
except during summer months 
H. M. Dole, Chairman 
J. H. Leary, Vice-Chairman 
S. H. Lorain, Past Chairman 


A. O. Bartell, Secretary-Treasurer, 
321 Platt Bldg., Portland 5, Oregon 


Executive Committee 
D. H. Beetem FW. Libbey 


PENNSYLVANIA-ANTHRACITE 
Established Feb. 17, 1914 
Spring meeting, April; Summer meeting, 
July; Fall meeting, October 
Meetings held alternately at Pottsville, 
Hazleton, Wilkes-Barre, and Scranton 
William B. Geise, Chairman 
George A. Roos, Vice-Chairman 
Floyd S. Sanders, Secretary-Treasurer, 
Goodman Mfg. Co., P. O. Box 151, 
35 New Bennett St., Wilkes-Barre, Pa. 


Executive Committee 


H. J. Connolly F. E. Kudlich 

W. E. Conroy H. D. Kynor 

C. Evans, Jr. Earl W. Lamb 

C. A. Gibbons J. C. MacCartney 
Edward Griffith H. W. Montz 

D. C. Helms W. C. Muehlhof 


Wilmot Jones Walter B. Petzold 
Joseph E. Ward : 
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PERMIAN BASIN 
Established Nov. 14, 1945 


Thomas C. Frick, Chairman 
W.N. Little, Vice-Chairman 


J. M. Moore, Secretary-Treasurer; Dist. 
Engr., Dowell, Incorporated, Box 1858, 
Midland, Texas 


Directors 
Burton Atkinson W.N. Little 
William L. Crothers Lamar Lunt 
Thomas C. Frick J. M. Moore 


Committee Chairmen 


W. N. Little, Program 
Joe Chastain, Membership 


PHILADELPHIA | 
Re-established March 15, 1944 | 
F. B. Foley, Chairman | 

A. W. Grosvenor, Vice-Chairman 
A. L. Jamieson, Vice-Chairman 


F, J. Dunkerley, Secretary-Treasurer 
247 Engineering Bldg., University of 
Pennsylvania, Philadelphia 4, Pa. 


| 


Executive Committee 


C. B. Allen D. I. Finch 
R. M. Brick Leopold Pessel 


PITTSBURGH 
Established 1920 
H. P. Greenwald, Chairman 
G. J. Donaldson, Vice-Chairman 


George H. Enzian, Secretary; Jones & 
Laughlin Steel Corp., 40 Longworth St., 
Pittsburgh 7, Pa. 


R. F. Miller, Treasurer 


W. L. Affelder M. F. Hawkes | 
N. G. Alford K. C. Heald 
M. D. Cooper E. H. Hollingsworth | 
D. H. Davis S. Krickovic | 
G. H. Deike E. Leatham 
G. R. Fitterer Jn 2 Reva, or: 
M. G. Gulley R. E. Sherrill 

J.C. Sullivan 

Ex officiis 

H. N. Eavenson S. A. Taylor 


Open-Hearth Committee 
A. W. Thornton, Chairman 
J. F. Pollack, Secretary 
H. E. Johnson, Executive Secretary 
C. Longenecker, Treasurer 


ST. LOUIS 
Established May 23, 1913 
Herbert A. Franke, Chairman 
H. A. Neustaedter, Vice-Chairman 
N. A. Stockett, Past Chairman 


Fred J. Meek, Secretary-Treasurer 
American Zine Co. of Illinois, Box 495, 
East St. Louis, Il. 


K. A. Phillips, Program Chairman 


Executive Committee 


W. R. Chedsey John D. Kerr, Jr. 
J. C. George Gill Montgomery 
Curtis L. Wilson 


SAN FRANCISCO 
Established June 26, 1913 


Meets second Wednesday of each month 
except June, July, and August: and 
Monday noons for luncheon 
at Engineers’ Club 


Edward H. Wisser, Chairman 
Philip R. Bradley, Jr., Vice-Chairman 


George H. Playter, Secretary-Treasurer 
Room 820, 405 Montgomery St., 
San Francisco 4, Calif. 


Executive Committee 


P. R. Bradley, Jr. W. W. Mein, Jr. 

W. C. Collyer Walter L. Penick 

Carlton D. Hulin George H. Playter 
Edward H. Wisser 


Committee Chairmen 
Philip R. Bradley, Jr., Program 


J. Ward Downey, Membership 
Frank S. Hudson, Student Contact 
Olaf P. Jenkins, Student Prize 
Lawrence B. Wright, Licensing 


- 
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Granville S. Borden, Entertainment 
and Hospitality 


Worthen Bradley, Advisory 
Ira B. Joralemon, Nominating 
William C. Collyer, Finance 
Edward W. Bullard, Advisory 


Committee of Engineering Societies 
Personnel Service 


Philip R. Bradley, Jr., Legislative 


Edward H. Wisser, Engineering Council 
i] 


SOUTHEAST | 
Isstablished Feb. 18, 19386 
J. C. Gray, Chairman 
William C. Chase, First Vice-Chairman 
W. C. McKenzie, Second Vice-Chairman 
Reynold Q. Shotts, Secretary-Treasurer; 
University of Alabama, Box 1526, 
University, Ala. 
Committee Chairmen 
EH. H. Rose, Program 


Howard Cobb, Membership 
and Attendance 


G. T. Bator, Student Relations and the 
Development of Junior Engineers 


Ronald F. Crawford, Publicity 
Neil O. Johnson, Entertainment 
Francis H. Crockard, Student Counselor 


SOUTHERN CALIFORNIA 
Established May 23, 1913 
Harold J. Clark, Chairman 


H. B. Menardi, Vice-Chairman 
for Mining 


Paul Andrews, Vice-Chairman 
for Petroleum | 


L. W. Chasteen, Secretary, 617 W. 7th 
St., Los Angeles 14, Calif. 


W. H. Geis, Treasurer 


Thomas Clements John R. McMillan 
Richard H. Jahns George W. Nilsson 
C. T. McClure Dean H. Sheldon 


Stuart H. Ingram, Past Chairman 
Committee Chairmen 
Nicholas A. D’Arcy, Jr., Membership 


Paul Andrews, Programs 
and Legislative 


Richard L. Parsons, Student Awards 
Stuart H. Ingram, Nominating 


Leo Schapiro, Institute of Metals and 
Tron and Steel Divisions 
Jan Campbell, Industrial Minerals 
Division 
George D. Dub, Mining and Milling 


Junior Division 
Cc. T. McClure, Chairman 
I. I. Dagan, Secretary 
R. L. Parsons, Treasurer 
. Committee Chairmen 
N. M. Norman, Program 
I. A. Marshall, Membership 


SOUTHWEST TEXAS 
Established Sept. 18, 1946 
Meets third Wednesday of each month 
except July and August 
Raoul J. Bethancourt, Chairman 
Charles Snelson, Vice-Chairman 
R. C. Granberry, Secretary-Treasurer 
Humble Oil and Refining Co., 
Corpus Christi, Texas 
Directors 


Barrett Booth H. N. Lyle 
Emil Bowers Harold Moseley 
Lee J. Thronson 


SOUTHWESTERN NEW MEXICO 


Established Sept. 30, 1947 
Holds meeting second Wednesdav in 
January, April, July, and October 

Joseph H. Taylor, Chairman 
F. C. Green, First Vice-Chairman 
Leo H. Duriez, Second Vice-Chairman 
W. R. Storms, Secretary-Treasurer 
U. S. Bureau of Mines, Silver City, 
N. Mex. 


Committee Chairmen 


John G. Reilly, Membership 
T. A. Snedden, Program 


TRI-STATE 
Established May 27, 1926 
Harold A. Krueger, Chairman 
Ernest Blessing, Vice-Chairman 
J. C. Stipe, Secretary-Treasurer, 715 E. 
15th St., Baxter Springs, Kans, 
Directors 
Elmer Isern 
H. A. Krueger 
J. P. Lyden 
Coan nomads 
Committee Chairmen 


S. S. Clarke, Program 
Ernest Blessing, Membership 


UPPER PENINSULA 
Established Oct. 25, 1918 
H. S. Peterson, Chairman 
Roy W. Drier, Secretary-Treasurer 
Michigan College of Mining and 
Technology, Houghton, Mich. 
Executive Committee 
Cc. W. Allen W. E. Seppansen 
E. C. Carlson D. L. Watts 
Advisory Committee 
toy W. Drier Grover Holt 


UTAH SECTION 
Established April 24, 1914 
Meets third Thursday of each month, 
September to May inclusive 
J. C. Landenberger, Jr., Chairman 
Byron E. Grant, Vice-Chairman 
R. C. Cole, Secretary-Treasurer 
Pacific National Life Bldg., 
Salt Lake City 1, Utah 
Executive Committee 
Cc. J. Christensen M. B. Kildale 
J. M. Ehrhorn W. G. Rouillard 
Committee Chairmen 
J. K. Richardson, Membership 
Burt B. Brewster, Publicity 
Robert S. Lewis, Student Affairs 
K. Fritz Hilers, Entertainment 


WASHINGTON, D. C. 


Established June 21, 1918 
Meets generally third Tuesday of the 
month except June, July, and August 
Thomas H. Miller, Chairman 

E. W. Ellis, Vice-Chairman for D. C. 
C. J. Williamson, Vice-Chairman for Md. 
E. J. Lintner, Vice-Chairman for Va. 
Forrest T. Moyer, Secretary-Treasurer 
TV. S. Bureau of Mines, Room 1364, 
Interior Bldg., Washington 25, D. C. 


Executive Committee 
John J. Croston Ee Smith 
Member of President’s Advisory 
Council 
S. Power Warren 
WYOMING 
Tstablished May 16, 1930 


Regular meetings held quarterly; spe- 
cial meetings when speakers available. 


Il. M. Charles, Chairman 
M. M. Fidlar, Vice-Chairman 
J. H. Quay, Secretary-Treasurer ; Union 
Pacific Coal Co., Rock Springs, Wyo. 
Executive Committee 


O. W. Bilharz 
Ernest Blessing 
F. J. Cuddeback 
G. M. Fowler 


JT. N. Bayless Cc. C€. Boley. 
H. C. Livingston 
FOREIGN 


PHILIPPINE 
Established Jan. 20, 1939 
Homer A. Mann, Chairman 
M. M. Aycardo, Jr., Secretary-Treasurer; 
International Engineering Corp., Soriano 
Bldg., 3rd Fl., Manila, P. I. 
Finance Committee 
Steve Arick G. J. Scheuermann 
Program Committee 
N. A. Fittinghoff G. D. Strachan 


RIO DE JANEIRO (BRAZIL) 
Established April 17, 1936 
E. de Macedo Soares S., Chairman 
A. |. de Oliveira, Vice-Chairman 
A. H. Garner, Vice-Chairman 
Sylvio Froes Abreu, Secretary; Instituto 


Nacional de Tecnologia, Rio de 
Janeiro, Brazil 
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Officers 


Affiliated Student Societies of the AIME 


UNIVERSITY OF ALABAMA 
University, Ala. 
Mining and Metallurgical Society* 
G. L. Roberts, President 
T. G. Patterson, Vice-President 
B. B. Copeland, Treasurer 
K. F. Stark, Secretary 
G. T. Bator, Faculty Sponsor 
F. H. Crockard, Counselor 


UNIVERSITY OF ALASKA 
College, Alaska 
Mining Society* 

Daniel A. Jones, President 
Robert L. Marovelli, Vice-President 
Edward T. Barnes, Secretary 
Frederick F. Kohls, Treasurer 
Earl H. Beinstline, Faculty Sponsor 
Alan Probert, Counselor 


UNIVERSITY OF ARIZONA 
Tucson, Ariz. 
Miners’ Society* 

Robert |. Williams, President 
Edwin B. King, Vice-President 

Robert O. Wenzel, Treasurer 
Arthur E. Himebaugh, Secretary 

J. B. Cunningham, Faculty Sponsor 

Edward Holderness, Counselor 


BIRMINGHAM-SOUTHERN COLLEGE 
Birmingham, Ala. 


The Student Geological Society of 
Birmingham-Southern College* 


Edward E. Walters, President 
Audley W. Downs, Vice-President 
Howard H. Odiorne, Secretary 
Abner B. Chapman, Treasurer 
J. Allen Tower, Faculty Sponsor 


UNIVERSITY OF CALIFORNIA 
Berkeley, Calif. 

Mining Association 
Albert L. McGuinness, President 
Val-L. Freeman, Vice-President 

Ronald N. Skow, Secretary 
Crawford E. Jacobsen, Treasurer 
Bernard York, Faculty Sponsor 

B. A. Gould, Counselor 


UNIVERSITY OF CALIFORNIA 
AT LOS ANGELES 


Los Angeles, Calif. 
Student Chapter, AIME* 
(Inactive) 


CARNEGIE INSTITUTE OF 
TECHNOLOGY 


_ Pittsburgh, Pa. 
The Metals Society 
Lee Horigan, President 


John Brown, Jr., Vice-President 
and Treasurer 


Michael Stavish, Secretary 
Malcolm F. Hawkes, Faculty Sponsor 
Max Gensamer, Counselor 
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INSTITUTE OF TECHNOLOGY 
Cleveland, Ohio 

Pick and Shovel Club* 

D. E. Tanger, President 
F. F. Awig, Vice-President 

R. C. Hall, Secretary 

R. T. Bubsey, Treasurer 
Gerald M. Cover, Faculty Sponsor 


CASE 


UNIVERSIDAD CENTRAL 
Caracas, Venezuela 


Asociacion Venezolana de Estudiantes 
de Geologia* 


(Inactive) 


THE CITY COLLEGE OF NEW YORK 
New York, N. Y. 

C. C. N. Y. Student Chapter, AIME* 
Herbert Feely, President 
Jack Tarr, Vice-President 
Julius Jettelson, Secretary 
Seymour Feerst, Treasurer 

Daniel T. O’Connell, Faculty Sponsor 

Benjamin F. Tillson, Counselor 


COLORADO SCHOOL OF MINES 
Golden, Colo. 
Student Chapter of AIME* 
Herman Knight, President 
Bill Baker, Secretary-Treasurer 


Harvey W. Smith, Public Relations 
Chairman 


T. A. Hoy, Director 
Jack Dempsey, Director 
George W. Heim, Faculty Sponsor 


COLUMBIA UNIVERSITY 
New York, N. Y. 


Thomas Thornton Read Society of the 
Columbia School of Mines* 


Robert C. Musa, President 
George R. Prescott, Vice-President 
Joseph F. Brown, Treasurer 
Roger D. Lopez, Secretary 


Seymour Goodman, Corresponding 
Secretary 


John C. Fox, Faculty Sponsor 
Felix E. Wormser, Counselor 


CORNELL UNIVERSITY 
Ithaca, N. Y. 

Cornell Metallurgical Society 
Nicholas Sheptak, President 
Albert H. Moon, Vice-President 
Paul L. Widener, Secretary 
Robert L. Folkman, Treasurer 
J. L. Gregg, Faculty Sponsor 
Stanley M. Norwood, Counselor 


*Student Chapter, AIME. Membership 
yey eta of Student Associates of the 


| 


DRURY COLLEGE 
Springfield, Mo. 
Drury Rockhounds* 
(Inactive) 


ESCUELA NACIONAL DE 
INGENIEROS 


Mexico, D. F. 
Sociedad Andres M. Del Rio* 
(Inactive) 


UNIVERSITY OF IDAHO 
Moscow, Idaho 
Associated Miners 
Phillip A. Beeson, President 
Donald Gordon Dahle, Vice-President 


Arthur Guy Randall, Secretary- 
Treasurer 


Joseph Newton, Faculty Sponsor 


UNIVERSITY OF ILLINOIS 
Urbana, IIl. 

Mineral Industries Society 
Edward John Sperr, President 
Norbert B. Blaski, Vice-President 
Beverly Solliday, Secretary 
Verle B. Utzinger, Treasurer 
William R. Chedsey, Faculty Sponsor 
Paul R. Nichols, Counselor 


ILLINOIS INSTITUTE OF 
TECHNOLOGY 


Chicago, Ill. 

Student Chapter, AIME* 
Edward Murway, President 
Robert Domagala, Secretary 
O. Zmeskal, Faculty Sponsor 

L. F. Mondolfo, Faculty Sponsor 
T. S. Washburn, Counselor 


lOWA STATE COLLEGE 
Ames, Iowa 
Iowa State Mining Society* 
Lloyd Daniel Brownson, President 
Donald D. Turner, Vice-President 
Edgar A. Perry,.Seeretary-Treasurer 
Charles O.-Frush, Faculty Sponsor 


UNIVERSITY OF KANSAS 
Lawrence, Kansas 
University of Kansas Student Chapter 
AIM E* 


Wayne C. Capron, President 
Kenneth O. Austin, Vice-President 
Edward B. Harry, Secretary 
James C. Henderson, Treasurer 
Eugene A. Stephenson, Faculty Sponsor 


UNIVERSITY OF KENTUCKY 
Lexington, Ky. 


Norwood Mining and Metallurgical 
Society* 


Ralph W. Preston, Jr., President 
Harry L. Kirkpatrick, Vice-President 
Everett A. Wick, Secretary 
Harry L. Washburn, Treasurer 
Cc. S. Crouse, Faculty Sponsor 
H. Comer Wolf, Counselor 
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LAFAYETTE COLLEGE 
Easton, Pa. 
John Markle Society 
E. Nelson Strang, President 
Channing B. Mould, Vice-President 
John M. Siergiej, Secretary-Treasurer 
Bernard J. Fischer, Faculty Sponsor 


LEH!IGH UNIVERSITY 
Bethlehem, Pa. 
Eckfeldt Mining 
ical Society 
David Ford, President 
Douglas Sammack, Vice-President 
Malcolm Wane, Secretary 
John Joyce, Treasurer 
H. R. Gault, Faculty Sponsor 


Howard and Geolog- 


LOUISIANA STATE UNIVERSITY 
University, La. 

Student Chapter, AIME* 
James W. Law, President 
Jack Simpson, Vice-President 
Jerry Shea, Secretary-Treasurer 
Mahlon F. Manville, Corresponding 
Secretary 
B. C. Craft, Faculty Sponsor 
H. F. Winham, Counselor 


MACKAY SCHOOL OF MINES 
UNIVERSITY OF NEVADA 


Reno, Nev. 
Crucible Club 
Alberto H. Barrios, President 
Robert C. Horton, Vice-President 
William D. Williams, Secretary 
Gerald E. Knowles, Treasurer 
William 1. Smythe, Faculty Sponsor 
Louis D. Gordon, Counselor 


MASSACHUSETTS INSTITUTE 
OF TECHNOLOGY 


Cambridge, Mass. 
Metallurgical Society* 

John D. Yerger, Jr., President 
Robert N. Randall, Vice-President 
Kenneth W. McGrath, Secretary 

Jan M. Hoegfeldt, Treasurer 
H. Rush Spedden, Faculty Sponsor 

Daniel Cushing, Counselor 


UNIVERSITY OF MICHIGAN 
Ann Arbor, Mich. 


University of Michigan Affiliated 
Student Society, AIME 


Charles W. Phillips, President 
Frank L. Yaggee, Vice-President 
G. H. Hilbers, Jr., Secretary-Treasurer 
Kenneth F. Packer, Recording Secretary 
Clarence A. Siebert, Faculty Sponsor 


MICHIGAN COLLEGE OF MINING 
AND TECHNOLOGY 


Houghton, Mich. 
Mining Club* 

Rodger H. Chapman, President 
Harry A. Toelle, Jr., Vice-President 
Don Avery, Treasurer 
James J. Walker, Secretary 
Charles M. Harry, Faculty Sponsor 
C. Harry Benedict, Counselor 


UNIVERSITY OF MINNESOTA 
Minneapolis, Minn. 


University of Minnesota Student 
Chapter, AIME* 


Lyle Campbell, President 
Albert Alexander, Vice-President 
Morris Sandvig, Secretary-Treasurer 
John Sumner, Program Chairman 
R. L. Dowdell, Faculty Sponsor 
Robert D. Longyear, Counselor 
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MISSOURI SCHOOL OF MINES 
AND METALLURGY 


Rolla, Mo. 
Missouri School of Mines and Metallurgy 
Student Chapter, AIME* 
James B. Chaney, President 
Edward Aubuchon, Vice-President 
D. Castleberry, Treasurer 
Albert Jones, Secretary 
D. R. Schooler, Faculty Sponsor 
Leon W. Dupuy, Counselor 


MONTANA SCHOOL OF MINES 
Butte, Mont, 
Carlisle Technical Society* 
Leonard Powell, President 
Dare Boulter, Vice-President 
Carl Howald, Secretary-Treasurer 
Curtis L. Graversen, 


Anderson 


Faculty Sponsor 


UNIVERSITY OF NEW HAMPSHIRE 
Durham, N. H. 
University of New Hampshire 
Chapter, AIME* 
Joseph T. Callahan, President 
Carl A. Lein, Vice-President 
L. W. Wakefield, Secretary-Treasurer 
Marston Chase, Corresponding Secretary 
T. R. Meyers, Faculty Sponsor 
Daniel Cushing, Counselor 


Student 


UNIVERSITY OF NEW MEXICO 
Albuquerque, N. Mex. 
University of New Mevwico Affiliated 
Student Society 
Philip T. Hayes, President 
Ernest Rich, Vice-President 
Peggy Cannedy, Secretary-Treasurer 
Vincent C. Kelley, Faculty Sponsor 
Cc. T. Griswold, Counselor 


NEW MEXICO SCHOOL OF MINES 
Socorro, N. Mex. 
Cooney Mining Clib* 
Ray Ballmer, President 
Thomas O. Perrott, Vice-President 
Harold B. Russell, Secretary-Treasurer 
William W. Long, Faculty Sponsor 


NORTH CAROLINA STATE COLLEGE 
OF AGRICULTURE AND 
ENGINEERING 
Raleigh, N. C. 
Rockhound Club* 

C. H. Robinson, President 
M. B. Corriher, Jr., Vice-President 
W. G. Wells, Jr., Secretary 
F. L. Dillard, Treasurer 
Warren G. Steel, Faculty Sponsor 
J. Frank West, Counselor 


UNIVERSITY OF NORTH DAKOTA 
Grand Forks, N. Dak. 
Mining Club* 
Wayne D. Wavrin, President 
Donald K. Nelson, Vice-President 

John H. Fyten, Secretary-Treasurer 

A. W. Koth, Faculty Sponsor 

L. C. Harrington, Counselor 


OHIO STATE UNIVERSITY 
Columbus, Ohio 
Mineral Industries Society 
Benjamin Roth, President 
Thomas L. Chase, Vice-President 
John Schumann, Secretary-Treasurer 
W. A. Mueller, Faculty Sponsor 
William Heimberger, Counselor 


UNIVERSITY OF OKLAHOMA 
Norman, Okla. 
Petroleum Engineers Cluwb* 
Gene C. Bankston, President 
Preston G. Rennie, Vice-President 
Charles Robert Olson, Secretary- 
Treasurer 
Lewis L. Barnes, Publicity Director 
Kenneth R. Boles, St. Pat’s Counselor 
Jim Gough, Entertainment Director 

W. F. Cloud, Faculty Sponsor 


OKLAHOMA AGRICULTURAL AND 
MECHANICAL COLLEGE 


Stillwater, Oklahoma 
Petroleum Engineering Club 
Lewis Smith, President 
Bob Brakey, Vice-President 
James E. Brazell, Secretary 
J. W. Jackson, Treasurer 
Ray L. Six, Faculty Sponsor 


OREGON STATE COLLEGE 
Corvallis, Oreg. 


State College Student 
of the AIME* 


Ronald F. Robberson, President 


James G. Osborne, Jr., Secretary - 
Treasurer 


Ira S. Allison, Faculty Sponsor 
Fay W. Libbey, Counselor 


Oregon Chapter 


UNIVERSITY OF PENNSYLVANIA 
Philadelphia, Pa. 
Metallurgical Engineering Society 
David Goldstein, President 
Victor Damiano, Secretary 
R. M. Brick, Faculty Sponsor 
A. O. Schaefer, Counselor 


THE PENNSYLVANIA STATE 
COLLEGE 


State College, Pa. 

Penn. State M. I. Society* 
Samuel W. Llewellyn, President 
Thomas B. Budinger, Vice-President 
James G. Tilton, Secretary-Treasurer 
A. W. Asman, Faculty Sponsor 


Petroleum Engineering Society* 

N. Dean Altimus, President 
Robert C. Merkle, Vice-President 
F. C. Bence, Secretary-Treasurer 

P. W. Huber, Corresponding Secretary 


POLYTECHNIC INSTITUTE 
OF BROOKLYN 


Brooklyn, N. Y. 

Student Chapter, AIME 
Robert E. King, President 
Robert P. Wittmann, Vice-President 
Fred E. Weisser, Secretary 
William A. Corigliano, Treasurer 
Otto H. Henry, Faculty Sponsor 
Stanislaus Skowronski, Counselor 


COLLEGE OF PUGET SOUND 
Tacoma, Wash. 

The Geological Society* 
Richard C. Bligh, President 
Glan Holmberg, Secretary 

F. A. McMillin, Faculty Sponsor 
Eugene A. White, Counselor 


PURDUE UNIVERSITY 
Lafayette, Ind. 
Purdue University Student Society, 
AIME 


R. E. Schotz, President 
T. G. Johnston, Jr., Vice-President 
W. H. Roberts, Secretary 
Cc. R. McKinsey, Treasurer 
George M. Enos, Faculty Sponsor 
W. John King, Counselor 


RUTGERS UNIVERSITY 
New Brunswick, N. J. 
The Rutgers Geology Club* 
Gerald Wasserburg, President 
Clarence V. Pierce, Vice-President 


Worth B. Cunningham, Jr., Secretary- 
Treasurer 


Helgi Johnson, Faculty Sponsor 
J. D. Grothe, Counselor 
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ST. LOUIS UNIVERSITY 
INSTITUTE OF TECHNOLOGY 


St. Louis, Mo. 
Student Chapter, AIME 
S. C. Judge, III, President 


D. D. Barman, Vice-President 
Thomas Parker, Secretary-Treasurer 
W. J. Gabriel, Corresponding Secretary 
A. J. Frank, Faculty Sponsor 


UNIVERSITY OF SOUTHERN 
CALIFORNIA 


Los Angeles, Calif. 

Student Chapter, AIME* 
Archibald M. Laurie, President 
Richard S. Davis, Vice-President 
Robert J. Fernandes, Secretary 

Robert R. Shaffer, Treasurer 
Richard Davis, Membership Committee 
Richard Brazier, Program Committee 

John P. McGriff, Parliamentarian 


SOUTH DAKOTA SCHOOL OF MINES 
AND TECHNOLOGY 


Rapid City, S. Dak. 

Drill and Crucible Olub* 
Ralph C. Flow, President 
Henry L. Hurley, Vice-President 
Russell F. Gamberg, Secretary 
Edward F. Jacobson, Treasurer 
J. P.-Gries, Faculty Sponsor 


STANFORD UNIVERSITY 
Stanford University, Calif. 


The Geological and Mining Society of 
Stanford University 


Harry Ptasynski, President 
R. Garvin Berry, Jr., Vice-President 


Edward A. Gribi, Jr., Secretary- 
Treasurer 


Charles F. Park, Jr., Faculty Sponsor 
F. G. Tickell, Counselor 
S. W. Muller, Counselor 


TANGSHAN ENGINEERING 
COLLEGE 


Nan Yang University, Shanghai, China 


The AIME Student Chapter at Tang- 
shan Engineering College* 


Yao Check-Yin, President 
Chou Tsu-Ting, Secretary 
Chen Young-Kai, Treasurer 
Jan Shi Sen, Faculty Sponsor 


AGRICULTURAL AND MECHANICAL 
COLLEGE OF TEXAS 


College Station, Texas 
Petroleum Engineering Club 
Richard K. Epps, President 
Paul Ravesies, Vice-President 
Charles R. Mitchell, Treasurer 
Harry L. Dedman, Secretary 

Robert L. Whiting, Faculty Sponsor 


TEXAS COLLEGE OF MINES AND 
METALLURGY 
(Branch of the University of Texas) 
El Paso, Texas 
Mining Club 
Louis W. Cope, President 
Antonio Obregon, Vice-President 
Richard E. Lindberg, Secretary 
John F. Graham, Faculty Sponsor 
E. M. Tittman, Counselor 


TEXAS TECHNOLOGICAL COLLEGE 
Lubbock, Texas 


Society of Petrolewm Engineers and 
Geologists 


James McMurray, President 
Clyde H. Pickens, Vice-President 
Marguerite Weeks, Secretary 
Loraine Sparks, Treasurer 


Fred Thompson, Corresponding: 
Secretary 
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UNIVERSITY OF TEXAS 
Austin, Texas 


University of Texas Affiliated 
of AIME 


R. R. Wallace, President 
Aaron Cawley, Vice-President 
John Kirby, Secretary 
Charles Hancock, Treasurer 
J. M. Lebeaux, Faculty Sponsor 


UNIVERSITY OF TORONTO 
Toronto, Ont. 

University of Toronto Mining and 
Metallurgical Club 
Toronto Campus 

E. C. Hodgson, President 
W. Curlock, Vice-President 
R. W. Boyle, Secretary-Treasurer 
Ajax Division 
S. W. Wright, President 
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JOHN CHIPMAN,* Member AIME 


There is no better way of paying 
tribute to the memory of a scientist 
than by developing and carrying for- 
ward those ideas which he has con- 
’ tributed to science and which are for 

us the very essence of his immortality. 

For a lecturer who has not had the 

great privilege of studying under Pro- 

fessor Howe or even of knowing him 
in person, these ideas must be trans- 
mitted through the printed word. It is 
our great good fortune that Professor 

Howe left to us a rich heritage of 

publication, not only in his classic 

monograph on the “Metallography of 

Steel and Cast Iron” but in a wealth 

of earlier books and papers in the 

transactions of this Institute and of 
other scientific and engineering bodies. 
_An outstanding characteristic of this 
published record is the great breadth 
of interest and of vision which it por- 
_ trays. His was not a narrow speciali- 
zation in only the scientific aspects of 
ferrous metallography. On the con- 
trary many of his important contribu- 
tions had to do with a far broader field 
_ of metallurgical endeavor. He insisted 
that his students be well grounded in 
- the fundamentals underlying the whole 
field and not led into the narrow groove 
of specific applications. Among his first 
- major publications we find papers on 
copper smelting, extraction of nickel, 
the efficiency of fans and _ blowers, 
thermic curves of blast furnaces, the 
~ cost of coke, and the manufacture of 
~ steel. These are the papers of a metal- 
_Turgical engineer and it was among engi- 
neers that Henry Marion Howe made 
_ his early and well-merited reputation. 
These early engineering contribu- 
tions display very clearly the strongly 
scientific inclination of their author. 
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What Is Metallurgy? 
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The classic work on “‘The Metallurgy 
of Steel”? published in 1890 contains a 
thorough and critical discussion of all 
that was known at the time concerning 
the alloys of iron and of what we would 
now call the physical metallurgy of 
steel. In addition it describes steel- 
making processes in use and some that 
had become obsolete, and points out in 
critical fashion the reasons for success 
and failure. Steel mill design and layout 
were included as well as some pertinent 
discussion of refractories. The book is 
indeed an embodiment of one of Howe’s 
outstanding characteristics—breadth. 
It is both the science and the engi- 
neering of steel production as known 
in that day. 


One of Howe’s earliest technical 


- papers was entitled “What is Steel?” 


That was nearly seventy-five years ago 
when many new processes and new 
kinds of steel were being developed. 
The time was ripe for such a ques- 
tion and the answers which Howe was 
able to give were helpful in under- 
standing the phenomena of heat treat- 
ment. Twenty-five years ago Professor 
Sauveur repeated the question as the 
title of the first Henry Marion Howe 
Memorial Lecture. It seemed to him 
that this question, “‘What is Steel?,” 
had served as Howe’s motto through- 
out the remainder of his life. 

Today I shall present for your con- 
sideration a question of another sort: 
“What is Metallurgy)” Perhaps it is 
not too much to hope that in the an- 
swer we may obtain a clearer and possi- 
bly broader view of the nature of our 
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science and our profession. The time is 
ripe for giving careful consideration to 
what we mean by metallurgy. If our 
Metals Branch is to become in fact an 
American Institute of Metallurgical 
Engineers, it is essential that we under- 
stand what is meant by metallurgical 
engineering. I am convinced that the 
best interests of the profession have 
not been served by a narrow interpre- 
tation of these terms. We must now 
place emphasis on the breadth of metal- 
lurgy as a science and as an-engineering 
profession. 

With its usual brevity and wit, 
Webster’s dictionary defines metal- 
lurgy as “the science and art of ex- 
tracting metals from their ores, refining 
them and preparing them for use.” 
I shall not assume that the words 
“science”’ and ‘“‘art”’ and ‘‘metal”’ are 
so well understood as to require no de- 
fining but others among our contempo- 
raries are better qualified than either 
your lecturer or the dictionary to pre- 
sent the broad meanings of these terms. 
When we say that metallurgy is among 
the oldest of the arts we are not class- 
ing it with painting or sculpture or 
music but rather with the making of 
tools or weapons or the building of 
bridges or chariots or cathedrals. In 
short we are saying that metallurgy is 
among the oldest of the engineering 
professions. 

The question “‘ What is metallurgy)” 
has been one of rather more than ordi- 
nary concern to those of us who have 
the task of developing a curriculum 
for the education of students in this 
field. This development has been going 
on in a number of universities over a 
period of some years, but there seems 
to be as yet no unanimity as to what 
such a curriculum should contain. [ be- 
lieve there is fairly complete agreement 
that it must be founded upon sound 
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basic training in the sciences and that 
it should contain the elements of an 
engineering education. The recognition 
of metallurgy as both science and engi- 
neering is fairly widespread among 
metallurgists. It is not so well under- 
stood in other circles. 

The terms “metallurgy” and “metal- 
lurgical engineering,” if each is used in 
the broadest sense, mean exactly the 
same thing. I know of two metallurgical 
departments that have similar cur- 
ricula, one of which graduates metallur- 
gists, the other metallurgical engineers. 
For purposes of this discussion, how- 
ever, I shall use the term “‘metallurgy”’ 
as the broader one to include on the 
one hand metallurgical engineering and 
on the other the science of metals. 

In connection with our efforts to 
establish a rational curriculum for stu- 
dents of metallurgy we thought it 
would be extremely helpful to have 
before us a concise outline of the entire 
field. Now it is no small task to pre- 
pare such an outline. Metallurgy is a 
large subject and it overlaps many 
others so that a clear-cut line of demar- 
cation between it and its neighbors 
cannot be drawn. The various parts of 
metallurgy are closely interrelated and 
cannot be divorced. Nevertheless it is 
possible to set down in some sort of 
logical sequence the names of the 
principal parts of the science and art of 
extracting metals from their ores, refin- 
ing them, and preparing them for use. 

In presenting the outline I must em- 
phasize that, while the chief impetus 
for its preparation was pedagogic, it is 
in no sense an outline of a curriculum. 
It is not my intention to discuss the 
pros and cons of the several items 
which compose the academic _bill-of- 
fare. But this outline which evolved 
in the course of such discussions may 
have other than academic uses, and 
moreover the purpose for which it was 
developed can best be served by offer- 
ing wide opportunity for criticism. 

There is no universally accepted 
terminology corresponding to that used 
in the outline. Other schemes of classi- 
fication have been employed, for ex- 
ample, “extractive metallurgy”? may 
cover not only the first two engmeering 
divisions and “adaptive metallurgy 
the other two, but each term may 
include also the appropriate parts of 
metallurgical science. Similarly the 
term “production metallurgy” could 
be used to cover some eighty percent 
of what I have called “metallurgical 
engineering.” Two terms which are 
conspicuously absent from the outline 
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A. Metallurgical Engineering 
Extractive Metallurgy 
1. Mineral Dressing 
a. Comminution of ores 
b. Separation of minerals 
c. Leaching 
. Process Metallurgy 
a. Roasting and sintering 
. Reduction and smelting 
. Fuels and combustion 
/. Refractories and furnaces 
. Heat and fluid flow 
f. Electrometallurgy 
g. Melting, refining and alloying 
. Casting and solidification 
pane Metallurgy 
. Metal Processing 
a. Hot and cold forming 
b. Foundry practice 
c. Joining 
d. Surface treatment 
e. Powder metallurgy 
f. Heat treatment 
. Application Metallurgy 
a. Quality control 4 
b. Selection and specification 
c. Alloy design 
d. Service behavior 


are “ferrous” and “nonferrous.” These 
terms may be useful industrially but 
the division of science or engineering 
along such lines would not be profit- 
able. I have no quarrel with those who 
would select a different set of words 
nor indeed with those who would inter- 
change the terms “‘metallurgy’’ and 
“metallurgical engineering.” 

There is of necessity much over- 
lapping in the outline, just as there 
must be in any attempt to set forth 
the content of any science. There are 
interrelationships throughout the out- 
line so numerous that any attempt to 
show them by subheadings and tie-lines 
would simply cross-hatch the entire 


page. The purpose of the outline is ° 


not to divide metallurgists into classi- 
fications but rather only to simplify 
the task of examining our metallurgical 
profession to find out what it contains. 
To continue this study of the anatomy 
of metallurgy, let us consider briefly 
each of the major divisions of the 
outline. 


Metallurgical Engineering 


Metallurgical engineering is the 
direct descendant of that ancient art 
first brought to man by the titan demi- 
god Prometheus. He it was who dared 
oppose the will of newly-crowned Zeus 
when that cruel monarch planned to 
sweep mankind off from the world and 
plant a newer race there. He stole fire 
from heaven and brought it down to 
earth for men to use. He taught men 
the motions of the stars and devised for 
them numbers and letters. He origi- 
nated ships and was first to yoke horse 
to chariot. And, in the words of this 
first metallurgical engineer: 


Outline of Metallurgy 


B. Metallurgical Science 
it Chemical Metallurgy : 

. Crystal chemistry and mineralogy 
. Thermodynamics 

c. Reaction kinetics 

d. Surface chemistry 

e. Electrochemistry 

f. Corrosion 

Physical Metallurgy 


Metallography 
. Constitution and phase diagrams 
Macro, micro and lattice structure 
. Grain size and texture 
. Grain growth and recrystallization 
. Phase transformations 


Physics of Metals 


. Electrical and thermal properties 
g. Atomic bonding and cohesion 

. Magnetism 

i. Diffusion 

j. Theory of the solid state 


Mechanical Metallurgy 


k. Elasticity 
. Anelastic behavior 
. Plastic flow and work hardening 
. Rupture and fatigue 
. Creep 
. Correlation of structure and mechanical 
properties 


“For the other helps of man hid under- 
ground 

The iron and the bronze, silver and gold 

Can any dare affirm he found them out 


Before me? None, I know! unless he 
choose 

To lie in his vaunt. In one word learn the 
whole— 

That all arts came to mortals from 
Prometheus.” 


MINERAL DRESSING 


Metallurgical engineering begins with 
what is “hid underground,” the ore, 
thus illustrating a constantly recurring 
phenomenon, that the metallurgist is 
intimately concerned with nonmetals. 
Metallurgy must in practice begin with 
the ore and its first operations are those 
of mineral dressing. Here it is very 
closely allied to such fields as solid 
fuels, ceramics and nonmetallic min- 
erals and like them it is here intimately 
associated with economic geology and 
mining. In brief this first segment of 
metallurgy constitutes also a portion 
of a broad field which is quite properly 
termed mineral engineering. Much of 
the scientific background lies in the 
fields of crystal chemistry, surface 
chemistry, mineralogy, hydrodynamics 
and other branches of knowledge not 
too familiar to most metallurgists but 
indicative of the breadth of the field. 

The importance of the field is obyi- 
ous in that almost every ore that comes 
from the ground requires some process- 
ing before smelting or reduction can 
be undertaken with profit, and it will 
not be many years before the word 
“almost”? can be omitted. The very 
question of whether or not a given 
deposit can be considered an ‘“‘ore”’ is 
conditioned upon the state of the min- 
eral dressing art. The ores from which 
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the bulk of our copper is now produced 
were of no value fifty years ago. The 
development of flotation converted 
worthless rock into a natural resource. 
Much of our iron ore of the future must 
come from rock which today cannot 
profitably be smelted. We face here 
one of the great tasks of metallurgical 
engineering. 


PROCESS METALLURGY 


Process metallurgy has a long and 
honorable history too familiar to most 
metallurgists to require discussion. This 
is the very stuff on which the Iron and 
Steel Division is made. It is the suc- 
cession of steps or processes by which 
impure mineral is reduced to metal, 
refined, alloyed and delivered accord- 
ing to a specification. It is an old art, 
but with the aid of chemical science it 
has become a chief part of modern 
metallurgical engineering. It is closely 
akin to chemical engineering with 

. which it has many ideas and problems 
in common. The study of the field in 
terms of processes rather than by 
metals here follows the lead of chemical 
engineering education with its empha- 
sis on the “‘unit processes.” 

It is worth noting that process metal- 
lurgy is not narrowly concerned only 
with the metal it produces. It has much 
to do with nonmetals. Operations begin 
with minerals and fuels and refrac- 
tories, and the use of these materials 
is an essential part of the whole. In 
nearly every melting process a non- 
metallic by-product, a slag, is formed 
and in many cases this slag is itself a 
necessary reagent for carrying on the 

chemical reactions of the process. The 
chemistry of slags and of slag-metal 
reactions is extremely important in the 
control of such processes. 

Process metallurgy is concerned also 
with certain principles which are com- 
mon to many processes. Among them 
may be mentioned the flow of gases. 
‘combustion, heat flow, material bal- 

ances and yields, heat balances and 
thermal efficiency, rates of reactions 

and the laws of chemical equilibrium. 

‘It is the quantitative application of 

such principles in the smelting and re- 

fining of iron and steel which has been 

‘the guide to efficient utilization of 

pressure and of oxygen and which will 

continue in the future to point the way 
to new efficiency and economy. 

:. 

“METAL PROCESSING 


The more physical aspects of pro- 
duction metallurgy, the methods of 
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forming into useful shapes, are grouped 
in the outline under Metal Processing. 
Among these we note the overlapping 
of metallurgy with recognized trades 
or professions such as welding, found- 
ing, forging, electroplating. These fields 
are as much parts of metallurgical engi- 
neering as are steelmaking or heat 
treatment, and they deserve as much 
interest and recognition on the part of 
the metallurgical profession. For too 
long a time they have been relegated 
by metallurgists to rule-of-thumb con- 
trol. Much can be accomplished here 
by the application of science and of 
sound engineering as witness recent ad- 
the current 
renaissance in the foundry industry. 
Here we have seen in recent years the 
doubling of the strength of gray iron 
by persuading the graphite to form 
nodules rather than flakes. We have 
seen more than the doubling of the 
dependability of steel castings through 
control of soundness. 


vances in welding and 


APPLICATION METALLURGY 


The task of putting the right metal 
in the right spot with full regard for 
cost and service is an important part 
of metallurgical engineering. The selec- 
tion and specification of metals and of 
their heat treatment is often a task of 
large proportions involving all the skill 
and understanding of an experienced 
metallurgist. The more complex the 
structure, the more kinds of metals 
must be taken into consideration; the 
greater the quantity of production, the 
more urgent it becomes to select for 
each part the right alloy, the right 
quality, for economic manufacture and 
service. It is in this field particularly 
that the science of physical metallurgy 
finds its practical engineering applica- 
tions, and that metallurgy becomes the 
servant of all engineering. The metal- 
lurgist is constantly working with and 
for engineers of different backgrounds. 
He must know their language. He must 
understand the rudiments of design, of 
stresses and vibration, of fabrication 
and inspection and assembly. His suc- 
cess is gauged by his ability to serve 
his fellowman in adapting the right 
metal for each use. 

Then comes the time when there is 
no satisfactory metal known for the 
given task; a new alloy must be de- 
signed to fit the job; a research and 
development program is required. As 
alloys are obtained which fill the need 
the requirements go up, still betier 
alloys are required and the process 


must continue. We are constantly in 
the midst of such developments, rapid 
progress bemg made at present in 
the development of high-temperature 
metals. The design of a new alloy for 
a given purpose may be a very simple 
or an extremely difficult task, depend- 
ing upon the availability of basic scien- 
tific data needed. The development of 
our N. E. steels during the war was 
an example of alloy design on a grand 
scale, the success of which was assured 
by adequate knowledge of such con- 
trolling factors as steelmaking practice, 
strength, ductility and hardenability. 


Metallurgical Science 


A celebrated nuclear physicist when 
asked “‘ What is the difference between 
science and engineering?” replied, 
“About fifteen years.’”’ He implied 
that it takes engineering about fifteen 
years to utilize the new things of 
science. 

No one believes that the full engi- 
neering use of nuclear fission can be 
developed in any such short time, but 
it is true that the nuclear engineering 
tasks which have already been accom- 
plished (the bomb, and commercial 
production of radio-isotopes) required 
much less. In metallurgy the difference 
in time is likely to vary from plus fifty 
to minus fifty years. Many a scientific 
result is left to molder on the shelf for 
years while others which appear to 
offer the prospect of economic reward 
may be converted into engineering ap- 
plication with breath-taking speed. On 
the other hand engineering develop- 
ments frequently must be pushed for- 
ward without benefit of science. In 
Professor Howe’s view engineering is 
essentially application, while the func- 
tion of science is correlation with or 
without discovery. In 1917 he said: 
“Pure science in its relation to engi- 
neering seems today to be in an 
intermediate stage of its asymptotic 
evolution from the state of a follower 
to that of an absolute dictator.” As 
one who has spent some years in study 
of the science underlying the art of 
steelmaking, I feel privileged to say 
that it is a blessing to humanity that 
the development of steelmaking prac- 
tice did not have to await the full 
understanding of the scientific princi- 
ples upon which it rests. At the same 
time I must express the conviction that 
the science will become more useful to 
the art as its growth progresses—indeed 
that it will approach asymptotically, 
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as Professor Howe has said, although 
it can never quite reach the state of 
“an absolute dictator.” 


CHEMICAL METALLURGY 


The great dependence of process 
metallurgy upon the basic science of 
chemistry has been illustrated many 
times in such activities as the opera- 
tion of blast furnaces and open hearths 
and the smelting and refining of all 
sorts of metals. 

Production processes require time; 
hence, the rates of reactions, the rates 
of transfer of impurities such as sulphur 
from metal to slag, the rates of reduc- 
tion of oxides and other phenomena of 
chemical kinetics are important to 
nearly every process. Of perhaps even 
more basic importance is the question 
whether or not a proposed reaction 
will occur at all. We do not make 
aluminum or zinc in a blast furnace, 
much as we should like to do so if it 
were possible. There is also the ques- 
tion of how far a process will go before 
it reaches equilibrium and finds itself 
run down like a clock. We do not get 
all the carbon or sulphur or phosphorus 
out of a heat of steel for just this 
reason. Consider the slags which are 
so important in the conduct of smelt- 
ing and refining processes. We used to 
think of them as being made up of 
various mineral species. Some of us 
liked to regard them as molecular solu- 
tions. Nowadays it seems more prob- 
able that they are made up chiefly of 
ions, electrically charged atoms or 
groups of atoms, some of the groupings 
being fairly complex. There is much 
that is not yet known about slags but 
a knowledge of their actual structure 
would undoubtedly aid in understand- 
ing their proper control. These are 
chemical questions and illustrate the 
dependence of all of our processes upon 


chemical metallurgy, particularly upon 


kinetics and thermodynamics. 

Certain metals which have only 
recently come into use and others 
which, like titanium, are still in the 
chemical stage give added emphasis to 
the close relationship between chemis- 
try, process metallurgy and chemical 
engineering. Every new metal that is 
brought into use will bring its own 
problems and its own chemical proc- 
esses. Many of the metals which are 
now shrouded in obscurity will inevi- 
tably be brought into practical use in 
the years to come. By the time our 
metal-hungry civilization has become 
sufficiently discriminating to demand 
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the highly individualistic properties of 
some of our rarer metals we will wit- 
ness the introduction of new and 
strange methods of production. The 
metallurgy of gadolinium or dyspro- 
sium, for instance, may well involve 
such processes as solvent extraction, 
ion exchange, fractional distillation, flu- 
orination, and electrolysis. These are 
the things which chemistry has in store 
for metallurgists and they will become 
as much a part of process metallurgy 
as the blast furnace or the converter. 
Our interest in chemistry must not 
end with the production of the metal. 
Reactions occur within the solid and it 
is these reactions which provide the 
basis for heat treatment. Reactions 
occur also on the surfaces of metals 
and these provide troubles aplenty for 
all who are concerned with their service 
behavior. The control of metal corro- 
sion has become an important engineer- 
ing activity, but in spite of the great 
advances that have been made, the 
world’s corrosion bill amounts to 
several billion dollars every year. The 
scientific study of corrosion is an im- 
portant part of chemical metallurgy. 
To the metallurgist it is obviously de- 
pendent upon many factors which we 
think of as physical metallurgy, since 
the corrosion behavior of a metal de- 
pends not alone upon its chemical 
nature but upon its structure. But it 
is highly dependent upon its chemical 
environment, its electrical contact with 
other metals and upon that physico- 
chemical super-mystery, passivity. 


PHYSICAL METALLURGY 


Physical metallurgy is the science of 
the metallic state. Offspring of physics 
and physical chemistry, it is intimately 
concerned with the structure of metals 
and alloys and with the phenomena 
which oecur within this structure. The 
study of metal structures and of the 
processes which determine them is 
called metallography. It is regrettable 
that this term has become widely used 
to connote only the microscopic obser- 
vation of structure. Its real significance 
is far wider. In its broad sense it signi- 
fies the whole science of metal struc- 
ture. This includes all knowledge of 
equilibrium in metallic systems as 
shown in the many phase diagrams 
that have been published and the 
nearly infinite number which remain 
to be studied. It includes recrystalliza- 
tion and grain growth and precipitation 
within metallic phases. The whole com- 
plex series of changes, by which soft 


austenite is converted into tough 
bainite or hard martensite and the 
latter is tempered to produce struc- 
tures of desired properties, is a part of 
this science of metallography. It was 
in this broad sense that Professor Howe > 
used the word in his “ Metallography 
of Steel and Cast Iron,” and I urge 
that we return to this usage. 

Progress in the development of new 
alloys as well as in understanding and 
improving the old ones, would be ma- 
terially accelerated by a more thorough 
understanding of the nature of the 
solid state. The forces by which the 
atoms are bound together in a crystal 
are far greater than the overall strength 
of even our best metals. Why cannot 
we utilize all of this force to produce a 
steel ten times as strong as our present 
strongest? Atoms are bound together 
by electronic forces. Do the electrons 
spread throughout the structure as a 
sort of cloud, or do they resonate be- 
tween several alternative interatomic 
positions? The answer lies in electrical, 
magnetic and thermal properties of 
alloys, and although we do not yet 
know how to read this answer, we may 
be confident that it will ultimately play 
its part in attaining such practical ends 
as the making of stronger or more duc- 
tile steels. The search for a_ better 
understanding of the solid state is not 
something that the metallurgist can 
leave entirely to the physicist. The two 
must work together as both kinds of 
background are needed. The physics of 
metals is an essential part of metallurgy. 

Metals are useful primarily because 
of their mechanical properties, their 
strength, ductility, elasticity. The 
study of such phenomena is mechanical 
metallurgy. The metallurgist’s approach 
to studies of elastic and plastic deform- 
ation is basically different from that 
of the mathematical stress analyst. A 
metal is not a mere three-dimensional 
continuum possessed of properties ex- 
pressible in differential equations. It is 
a complex aggregate of crystals which 
may differ greatly among themselves 
and whose properties may change with 
strain and with time. Why does such 
an aggregate fail under load, and how? 
What is the mechanism of the charac- 
teristically metallic phenomenon called 
slip? Why and how are blocks of metal 
atoms able to glide for great distances 
over slip planes? Do they really behave 
like a panful of soap bubbles? By 
blocking slip planes we can raise the 
tensile strength. When are we going to 
learn to do this so effectively as to 
double the useful strengths of steels? 
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The Province of Metallurgy and Neighboring Areas. 


Metallurgical Education 


One of the principal reasons for ask- 
ing the question, ““What is metal- 
lurgy>”, has been the need for a 
system of guide-posts along the road 
to metallurgical education. With the 
outline acting as a small-scale map of 
the province let us have a brief look 
at the path which a student may fol- 
low. One fact stands out clearly—the 
area is large and the terrain in some 
parts is rugged. The neophite, planning 
to spend four years in becoming ac- 
quainted with the area, cannot hope to 
have time to dig deeply into each inter- 
esting vein nor to pick all of the daisies 
that he passes in the field. In planning 
his tour we must assure that he has an 
opportunity to see at least a part of 
each principal area. We must reserve 
enough time on his itinerary for him to 
examine in some detail the areas in 
which he is most interested and we 
must see that he is equipped with tools 
for digging in these areas. In addition 
we must recognize that he is going to 
spend a part of his time in daisy-picking 
and other nontechnical activities and 
we should teach him the difference be- 
tween wild grape and poison ivy and 
how to avoid the pitfalls and the rattle- 
snakes. In introducing him to the 
province of metallurgy we must see 
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that he learns to mingle not only with 
his fellow explorers but with the great 
variety of people whom he will en- 
counter within the field and in adjacent 
areas. 

It is neither feasible nor desirable 
that all students who spend four years 
in metallurgical study be subjected to 
the same instruction. The world has 
need for many kinds of technically 
trained people and indeed many kinds 
of metallurgists. Happily there are 
enough individualists among metal- 
lurgical educators to provide a variety 
of curricula at the several institutions 
that offer the subject. In general, de- 
partments of metallurgy or of metal- 
lurgical engineering have given heed 
to Professor Howe’s warning against 
Procrusteanism. ‘‘ You remember Pro- 
crustes,” he said, ““who made his bed 
fit every traveler by lopping off the tall 
one’s legs and stretching the short ones 
on a rack. Beware the narrow and 
cocksure Procrusteans of every walk 
of life who would have all institutions 
shaped to fit their own pet ideals re- 
gardless of the need of the world of 
widely different products.” 

Perhaps it is: not generally recog- 
nized outside of academic circles that 
a student of metallurgy devotes only 
about one-third of his effort dvving a 
four-year course to studies of metal- 


lurgy. One half of his time is spent on 
basic science and engineering. This pro- 
vides a minimum of preparation for 
entering and exploring the province of 
metallurgy. Nearly one-fifth is spent on 
the arts and humanities (daisy-picking 
and mingling) and this leaves less than 
one-third for metallurgy. Now it is ob- 
viously impossible to cover all that is 
included or implied in our outline of 
metallurgy in one-third of a four-year 
course. A large amount must be omitted 
and in fact should be. It is quite feasi- 
ble, however, to teach the fundamental 
principles underlying most of the sub- 
jects listed, provided the student is not 
overburdened with mere description or 
with a plethora of specific applications. 
These rather bare fundamentals plus 
one or two advanced or specialized 
studies and a thesis requiring inde- 
pendent laboratory work on a subject, 
preferably of the student’s own choos- 
ing, complete the metallurgical part of 
his schooling. 

It is far more important that the 
student have a real grasp of physical 
chemistry than that he know the di- 
mensions of the biggest blast furnace 
or the latest wrinkle in instrumenta- 
tion. It is far more important that he 
understand what goes on inside a piece 
of steel during heat treatment than 
that he be able to distinguish between 
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bainite and fine pearlite under the 
microscope. It is far more important 
that he be able to think than that he 
know the characteristics of a wide 
variety of alloys. And it is in the teach- 
ing of the fundamentals that the in- 
structor has his best opportunity to 
help the student learn to think. It 
seems perfectly clear to me that no 
part of the fundamentals of metallurgy 
should be omitted in order to substi- 
tute a college professor’s idea of how an 
open hearth furnace ought to operate! 
I have been talking of undergraduate 
instruction; what about postgraduate 
study? For the great majority of metal- 
lurgists this is directly related to a job 
and is therefore specialized. In many 
industries definite and well-planned 
training programs have been set up; 
these are of very great value to the 
young metallurgist and to the industry 
as well. The modern scheme of engi- 
neering education is becoming more 
and more dependent upon such train- 
ing, and both the universities and the 
industries are according greater recog- 
nition to the responsibilities of the 
latter in the training of engineers. 
Graduate training in the universities 
generally has one or the other of two 
objectives: further preparation for a 
professional career by extension of 


undergraduate training both in breadth 
and in depth along some one or two 
lines of specialization; or preparation 
for a research career or for leadership 
in some field in which research plays a 
dominant part. In a field that is as 
young and vigorous as metallurgical 
science, graduate work has much to 
recommend it. It is, however, by no 
means to be regarded as a necessary 
part of a metallurgical education for 
those whose undergraduate training has 
been sufficiently basic and sufficiently 
broad. 


Summary 


In summary permit me to repeat 
that metallurgy is a field of great 
breadth. Since it is inhabited by metal- 
lurgists these must be people of wide 
vision. I have heard important persons 
who ought to know better speak of 
metallurgy as a narrow field of special- 
ization. Nothing could be farther from 
the truth. It does, of course, contain 
within its boundaries many fields in 
which a metallurgist may specialize to 
his heart’s content. But no other 
branch of engineering can compare 
with it in breadth if that. breadth be 
gauged by the number of other fields 


with which it has a common frontier. 
No other field of applied science draws 
so heavily upon both of the two basic 
sciences of physics and chemistry. No 
field of endeavor exhibits a greater 
wealth and diversity of achievement. 
Nowhere can scientists of such a 
wide variety of interests find a more 
fruitful or more stimulating field for 
research. 

And now we must attempt to answer 
the question ‘‘ What is a metallurgist?” 
Surely there must be thousands of an- 
swers to this question for it is obvious 
to any observer that no two metal- 
lurgists are alike. If we state that “a 
metallurgist is one whose scientific or 
professional work is directed toward 
the production or use or understanding 
of metals,” what more need be said? 
We have here a definition broad enough 
to include all of us. However, it is too 
broad; it needs to be made specific; it 
requires illustration. Let us add then— 
“like Henry Marion Howe.” And we 
have no longer a mere definition but an 
aspiration. For here was a man whose 
memory still inspires us. Here was a 
metallurgist whose interests reached 
into every corner of the province of 
metallurgy, whose work has influenced 
every segment of metallurgical science 
and engineering. 


The Sigma Phase in Ternary Cr-Co-Fe and Cr-Co-Ni Alloys 


PAUL A. BECK,* Member and W. D. MANLY, + Junior Member, AIME 


In a recent note Sully and Head! 
showed that the Cr-Fe sigma phase is 
isomorphous with the Cr-Co gamma 
phase, and that the lattice constants 
are also nearly identical. In a prelimi- 
nary investigation of the ternary 
Cr-Co-Fe system at 800°C at this 
laboratory the above findings were 
confirmed, and it was found by micro- 
scopic techniques, using various etch- 
ing reagents, that the two binary 
phases form an uninterrupted series of 
solid solutions with each other. These 
solid solutions occupy a straight nar- 
row band which cuts across the 800°C 
isothermal section of the ternary sys- 
tem, connecting the two binary phases. 

A detailed investigation of the 
Cr-Co-N: ternary system at 1200°C 


1A. H. Sully and T. J. Heal: Research. March 
1948, 1, 288. 
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disclosed that here, too, the Cr-Co 
gamma phase extends deep into the 
ternary system in the form of a long 
narrow lip. The fact that this sigma 
type lattice is sustained even when well 


_ over half of the Co atoms in it are re- 


placed by Ni atoms, with relatively 
little change in the Cr content, clearly 
indicates that Ni itself has a certain 
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tendency to form the sigma phase with 
chromium. This tendency is hidden in 
the binary Cr-Ni alloys, where the 
sigma phase is not known to occur, but 
it becomes operative in the presence 
of a sufficient amount of Co. The 
interpretation of these facts in terms 
of electron concentrations is rendered 
difficult by the uncertainty of our 
present knowledge of the valency elec- 
tron structure of the transition ele- 
ments in their alloys. However, Sully 
and Heal’s results and the present work 
suggest that intermetallic phases with 
sigma type lattice may occur more fre- 
quently in these little investigated 
alloys than heretofore suspected. In 
particular, it is expected that a similar 
phase may exist in the V-Co and per- 
haps in the V-Ni system, in analogy to 
the known sigma type phase in the 
V-Fe system, and that all these sigma 
type phases may form extensive solid 
solutions with one another. 
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Distillation of Zine from Copper 
Base Alloys and Galvanizers 


Sono OOO 01:0 © © 0.0 0 O 


FRANK F, POLAND* 


The purpose of this paper is to de- 
scribe the recent applications and im- 
provements made in the process and 
equipment for the recovery of metallic 
zinc from secondary metals by means 
of high temperature electric resistor 
furnace distillation. 

The process and high temperature 
furnace, as developed by Revere Cop- 
per and Brass Incorporated, Research 
and Development Department, was de- 
scribed in a previous paper. 

Since the publication of that paper 
the process and equipment have been 
licensed to others. Consequently its 
field of application has been expanded, 
particularly for the treatment of scrap 
brass, galvanizers dross and scrap zinc. 
Other applications are being considered, 
particularly the melting of metallic 
titanium and special alloys requiring a 
controlled atmosphere. Consideration 
is also being given to modification in 
design that would allow the melting of 
' copper cathodes for the production of 
oxygen-free and_ electrolytic tough 
pitch copper shapes without the neces- 
sity of blowing and poling. 

In the design of a furnace for melt- 
ing copper cathodes it is intended that 
- the fundamental principle of charging 
the solid material into a large pool of 
- molten metal through a double door 
_ charging vestibule as shown in Fig 3 of 
the previous paper, would be adhered 
to and, in addition, either dehydrated 
and desulphurized producer gas or 
commercial nitrogen, that is, approxi- 
mately 96 pct nitrogen, 2 pet hydrogen 
2 pet CO, also dehydrated, would be 
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used to provide a protective atmos- 
phere for the resistors and to flush out 
more soluble gases from the molten 
copper. 

The operation of a small unit produc- 
ing approximately 1000 lb of copper 
per hr has shown that the commercial 
nitrogen will allow the production of 
tough pitch electrolytic copper when 
the metal is transferred from the melt- 
down unit contemplated to a special 
type induction unit where the oxygen 
absorption and temperature can be 
controlled. 

Standard practice in treating low 
grade scrap brass has been to oxidize 
the zinc by blowing air through the 
molten metal. This operation results in 
the recovery of approximately two- 
thirds or less of the zinc content of the 
brass in the form of an impure zinc 
oxide having only a fraction of the 
value of the zinc in metallic form. The 
balance of the zinc is lost to slag, fume 
and drosses. Fig 1 shows the revised 
flow sheet of the process for the treat- 
ment of scrap brass. For this applica- 
tion and as shown on the flow sheet a 
low frequency induction furnace has 
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been substituted for the Wilkins- 
Poland type as a melting unit. This 
type of furnace has been found the most 
suitable for the purpose as will be 
shown by the following discussion. 


Serap Brass 


The melting of refinery scrap brass 
preparatory to distillation presents a 
melting problem quite different from 
the usual melting of brass mill scrap 
for recasting because refinery scrap is a 
heterogeneous mixture of alloys each 
having different melting and_ boiling 
points, and coated with a variety of 
corrosion products and foreign mate- 
rials. In addition, brass and copper 
plated pieces of sheet iron, stainless 
steel, ceramic materials, and others are 
present that do not melt except at tem- 
peratures above the boiling point of the 
liquid bath. 

In the previous paper it is noted that 
difficulty was encountered in the melt- 
ing of refinery grade scrap brass with- 
out excessive loss of zinc by volatiliza- 
tion and that 5 to 10 pct razorite flux 
was used to alleviate this condition. 
While this flux was successful in pre- 
venting the excessive loss of zinc by 
volatilization it interposed a low heat 
conductivity layer between the source 
of heat and liquid charge and resulted 
in lowering the melting rate of the fur- 
nace. This same problem presents itself 
in all types of furnaces in which the 
metal is heated by radiation and con- 
duction from above the charge. 

It has been found in melting this 
type material that the melting rate per 
hour or per square foot of hearth area 
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FIG 1—Flowsheet of process for treatment of scrap brass. 


for all types of furnaces is considerably 
less (of the order of 50 pet) than when 
the same furnace is used for melting 
scrap alloys or metal of a uniform 
composition. Allowance for this differ- 
ence in melting capacity for any given 
size furnace must be made when de- 
signing the melting equipment. 

The induction type furnace, because 
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of its generating heat in the charge 
below the surface, allows the use of a 
flux or carbon cover so that the benefits 
of such a cover may be obtained with- 
out interference with the heat input to 
the charge. This type furnace is con- 
structed without any cover or roof 
which is an advantage in charging 
bulky material and allows the use of 


mechanical means for pushing the cold 
charge into the liquid bath. 

The usual secondary winding, that is, 
heating ducts, in induction furnaces 
designed for general brass mill casting 
are not satisfactory for the melting of 
low grade scrap because this type 
material does not ordinarily contact 
the liquid metal enough to absorb the 


JUNE 1949 


nt a 


full rated energy of the furnace, conse- 
quently the metal in the secondary 
boils, pinching off and thereby reducing 
the power input. A low frequency fur- 
nace designed for this particular 
purpose has larger ducts and more 
circulation than normally supplied and, 
in addition, is provided with hydraulic 
rams to push the cold charge into the 
liquid bath. 

The amount of dross formed when 
melting this type scrap is ordinarily 
much greater than that produced when 
melting scrap brass of uniform composi- 
tion or even when melting turnings. 
However, it has been found that a 
layer of two or more inches of finely 
divided carbon, or preferably lamp- 
black, on top of the liquid metal, used 
in conjunction with a hydraulic ram 
increases the rate of melting to a maxi- 
mum and reduces the loss of copper and 
zinc to skims and fume to a minimum. 

The finely divided carbon cover on 
top of the liquid metal produces a very 
strong reducing atmosphere at the 
melting zone and experiments have 
shown that this atmosphere, high in 
carbon monoxide, will reduce zinc oxide 
to metal. 

Consequently this is an ideal condi- 
tion and one that is difficult if not im- 
possible to reproduce commercially in 
any other type of melting furnace. 

In melting clean scrap brass, such as 
mill scrap that contains no ceramic 
material or other contaminants, there is 
practically no loss of zinc when melting 
under the finely divided carbon cover. 
From these considerations it is believed 
that the loss of zinc to skims and fume 
in melting under the conditions de- 
scribed has been reduced to an absolute 
minimum. The effects on the economics 
of the operation are shown by the fol- 
lowing metallurgical results. 


METALLURGICAL RESULTS 


The following are the results ob- 
tained from the treatment of a mixture 
of approximately 1,000 tons of light and 
heavy miscellaneous yellow brass scrap 
melted in a low frequency induction 
furnace equipped with mechanical 
pushers and using a carbon cover on 
top of the liquid metal. 

The approximate analysis as charged 
to the induction melting furnace was 
copper 64.2 pet, zinc 25.5 pct, lead 
2.0 pet, tin 1.0 pet, nickel 0.7 pet, 
~ aluminum, silicon, manganese 0.3 pct, 
~ iron (varies widely) 3.3 pct, infusible 
material, oil, other combustibles, HO, 
 etc., 3.0 pet. 
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There was produced the following, 
as indicated in Table 1 


Table 1. . . Production 

Pet Gross Scrap 

Melting furnace skims.............. bat ; 
Zinc slabs. . BD Oe DRO LLC eI nd 
Blue powder. . 2 a Re A ire een is 
Residueicoppersens see eee 67.9 
Volatile and combustible loss........ 2.5 
: 100.0 

Approximate Zine Distribution Pct Gross Scrap 
Pc ee ome ae eer 21.4 
Blue powder. . AG 
Melting furnace skims at 15 pet zinc, pe? 
Da pers of residue copper........... 220 
BMG career eter he. aa 4 


25.5 
Zine Recovery Pct Zine Contents 
Zinc slabs. . 83.9 


Blue powder. EEG ct ee 2.3 
Sub Total Recovery.............. 86.2 
Distribution of Zinc Losses 
to melting furnace skims............ 4.5 
RO CON POE BNO beac cake © os SS eee 4. 7.8 
Volatiles. Sr aiic, Seren ce 1.5 
Sub Total Losses. 2 GINS 
Total. . ‘ weeLOO RO 
Pct C opper Contents 
Copper produced in residue metal...... 96.5 
to melting furnace skims. . Sicheueyates Bb) 
PLOtA. cc cence eya ts sero eee cee LOO: 


Melting in the reyerberatory or con- 
verter type furnace results in a zinc 
loss to slag and fume of between 18 to 
30 pet, a fair average being about 23 pct 
of the total zine contents. The copper 
loss to skims is also proportionately 
greater than in the induction furnace. 

The increased amount of zinc lost 
and the additional amount of by-prod- 
ucts to be treated for the recovery of 
copper results in an estimated differ- 
ence in returns of approximately $20.00 
per ton of scrap brass treated, in favor 
of the induction furnace. 

The amount of zinc left in the re- 
sidual copper from the distillation is 
under the control of the operators and 
it has been commercially varied from 
less than 1.5 to 3.5 pet depending upon 
the planned disposal of the residual 
metal. The results enumerated above 
were predicated upon a use where it 
was desirable to obtain the maximum 
production and anything under 3 pct 
zinc in the residual copper was ade- 
quate. The temperature of the residual 
copper as tapped from the distillation 
furnace was approximately 3200°F. 
However, these furnaces have been run 
for considerable periods at much higher 
temperatures, and in one plant the 
operating temperature is sufficiently 
high to reduce the zinc content of the 
residual metal to less than 1.5 pet. This 
corresponds to a metal temperature of 
approximately 3500°F. 

There have been no changes made in 
the condenser or furnace operating 
temperature from that described in the 
previous paper. Therefore the copper 
content of the zine slabs produced is 
approximately the same, that is, 0.75 


pet. The lead content of the zinc pro- 
duced was 3+ pct which is normally 
liquated to Prime Western quality. 

In general, it has been found that 
from 35 to 45 pet of the lead content of 
the scrap metal is distilled with the 
zinc. All of the other contaminants 
have very low vapor pressures at the 
operating temperatures and conse- 
quently copper and lead are the only 
metals in significant quantity carried 
to the condenser by the zine vapor. 


CONVERTING RESIDUAL METALS 


Since the publication of the previous 
paper the plants that have installed 
this equipment have desired the resid- 
ual metal for purposes different from 
those described in that publication. In 
one plant the residual metal was in- 
tended to be made into shot for the 
manufacture of copper sulphate. In 
another the residual metal was intended 
for electrolytic copper refining and in 
others the residual metal was to be 
converted for use in the manufacture of 
copper base ingot alloys. The revised 
flow sheet (Fig 1) shows the use of a 5 
to 10 ton converter instead of the 50 
ton previously described. In operating 
this small converter the residual metal 
is transferred directly from the distilla- 
tion furnace and copper oxide added 
in definite amounts or air blown through 
the metal to some definite control 
point, for instance, iron to —0.02 pct, 
depending upon the end uses as 
enumerated above. There is nothing 
particularly new in this general opera- 
tion. However, it is believed of interest 
to note that the iron can be reduced to 
the third decimal point in percentage 
while 0.75 to 1 pct zinc is still present 
and that in so doing only about 10 pct 
of the lead and tin present is removed. 
After the iron is removed the zinc, tin, 
lead and nickel are eliminated concur- 
rently but in the order given. 

It is common practice in recovering 
zinc from galvanizers dross to use the 
retort process. It is well-known by 
those operating such equipment that 
it is becoming more and more difficult 
to obtain labor that is willing to per- 
form the hot, smoky and dirty task con- 
nected with this process. 

One of the Wilkins-Poland units de- 
signed for handling scrap brass was 
modified to permit a pilot plant opera- 
tion on the distillation of galvanizers 
dross, scrap die castings and other 
scrap zinc and subsequently the engi- 
neering company licensed to build these 
furnaces has designed a unit especially 
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Table 2. 


Zinc content of galvanizers dross 
Zinc slabs produced—pct of gross weight. . 
Losses of Gross Weight 
to melting skims... . 

to retort residues—28 pct Zinc. 


to blue powder. 


to fume and other ‘Volatile...... 
Pct recovery Zinc Slabs 


Initial cost estimated... . 


Comparison of Wilkins-Poland Unit 
Recovery Retort Plant 
average...... 


$30,000.00 


93.5° 


vs. Retort Plant 


Recovery Wilkins-Poland ome with Ajax-Tama Melting Furnace Attached 


Zinc content of galvanizers dross 


Losses 


to melting skims...... : 
to retort residue—8 pct ZINC. . : 
to blue powder and yolatile...... 


Zinc slabs recovered 
90 
Pct recovery 33.5." 


Labor—5 hr. per ton at $1. 50 per hr. idee tele 
Retorts at $200. each.... : 
100, gal fuel-oil ca. .e ees 


Repairs and replacements retorts...... 


50 pct overhead...... 


Amortization of equipment, 10 pet of $30,000. operating 325 days per yr and 
producing 4875 tons per yr 


93.5 


a 00 
10.00 
2.00 


$35.87 


Estimated Operating Cost per Ton in Wilkins-Poland Furnace Producing 15 Tons per Day, 


Labor—2 men each shift—48 labor hr—3.2 at $1.50......................... 
Power—1150 kw hr per ton at 0.9 cents. : SRO Rares: anita 


750 KVA Capacity 


150 kw hr per ton melting—1150 


1000 kw hr per ton ber dead’. 


Repairs at $2.00 per ton. 


S0ipotioverhead seamen ae er 


$ 4.80 


2 LOSS 


Amortization of equipment, 10 pct of $100,000 operating 325 days per yr and 


producing 4875 tons per yr 


This comparison shows that the savings in operating costs per ton in Wilkins- 
Poland furnacesare a. «sc cis ols cote ae Mages der Coe aedare SAECO OOO TOT $ 8.10 
In addition there is an estimated 4 pct additional recovery which amounts to 


2000 lb X 4 pct X 18 cents 


Total savings to be expected from the use of the Wilkins-Poland furnace. . 
Inasmuch as a production of 4875 tons per yr is involved, a total savings would amount to about 


$109,000 per yr. 


adapted for this purpose. This unit con- 
sists of a special type low frequency 
furnace connected directly to the 
Wilkins-Poland distillation furnace of 
standard type. 

Table 2 summarizes the results of the 
pilot plant operation, the estimated 
cost and the savings to be made. The 
comparison has been based on the op- 
eration of one Wilkins-Poland unit of 
750 KVA capacity which is capable of 
processing 15 tons of dross per day vs. 
a retort plant equipped with 10 retorts 
of 4,000 lb capacity each. There will 
probably be plants in which this size 
unit would be too large and it is there- 
fore planned to also build these units 
in sizes about one-half this capacity. 
This smaller size unit may result in a 
slightly higher labor cost as compared 
to the larger unit. However, the sav- 
ings as compared with the operation of 
an equivalent retort plant would be in 
proportion. 

It should be noted that the above 
savings are a comparison in the operat- 
ing cost between the two types of 
equipment and that there would be 
additional savings in freight and treat- 
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ment charges where the equipment was 
installed at a galvanizing plant. 

In presenting the foregoing figures I 
am aware that cost figures will vary 
from plant to plant and from month to 
month in a given plant. The figures 
given represent a pilot operation on 
full scale equipment insofar as the 
treatment of drosses in the resistor 
furnace is concerned. They do not, 
however, comprehend the over-all op- 
eration of a large plant. 

The cost projected for a retort plant 
operation represents the best average 
that could be established on informa- 
tion supplied by operators of plants of 
this type. 

A typical analysis on galvanizers 
dross is copper 0.01-0.04 pct, lead 
0.2-1.0 pet, iron 2.9-3.5 pet, aluminum 
nil, zinc balance. The slab zinc pro- 
duced from this type of material will 
run less than 0.02 pet iron and under 
Prime Western requirements in lead. 
The balance is zinc. 

The furnace as designed for the dis- 
tillation of galvanizers dross and other 
scrap zinc products has a relatively 
deep hearth so that the iron residue 


-«= 14.40 


. $22.50 per ton dross 


may be accumulated for several days 
at which time it becomes necessary to 
stop charging and increase the tempera- 
ture of the furnace to the melting point 
of the iron, that is, approximately 
2750°F. This allows the residue to be 
tapped as a liquid containing approxi- 
mately 8 pet zine and the balance iron 
and lead. This residue can be sold to 
plants operating lead blast furnaces. 
However, there has been no credit 
given to the Wilkins-Poland furnace 
cost estimate for this item. 

In the pilot plant operation gal-— 
vanizers dross, scrap die castings and 
other scrap zinc, and the like, were re- 
distilled, producing slab zinc running 
between intermediate and high grade 
quality. This was accomplished by 
placing a small condenser in series with 
a regular condenser and returning an 
approximately 10 pct fraction con- 
densed in the first condenser to the 
furnace. The principal reason for doing 
this was to obtain zinc extremely low 
in aluminum. The bulk of the material 
under these conditions was spectro- 
scopically free from this element. 

In distilling zinc from galvanizers 
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dross and other scrap zinc, the furnace 
can be operated so as to deliver a quite 
uniform amount of vapor to the con- 
denser. This should prove very desir- 
able in the production of zinc dust 
which is usually made from this source 
of zinc. 


FURNACE IMPROVEMENTS 


Improvements in construction have 
been made to the resistor furnace to 
reduce the heat losses, particularly at 
the top and side walls above the metal 
line. This was accomplished by more 
liberal use of lampblaek insulation be- 
tween the carbon and refractory lining 
on the side walls and by raising the in- 
sulators to a more remote location from 
the roof plates over the resistors. In 
consequence of this the weight of the 
roof and therefore the crane capacity 
to remove it when necessary was re- 
duced from approximately 15 tons to 
approximately 5 tons. The power con- 
sumption on this later designed furnace 
is approximately 100 kw hr per ton less 
than on the original design. 

Nonmagnetic steel has been inserted 
in the area influenced by the magnetic 
field of the lead-in terminals and the 
use of noninductive busses combined 
with the noninductive arrangement of 
the resistors results in a power factor of 
between 93 and 96 pct. This high 
power factor and steady load are of dis- 
tinct advantage in that the lowest 
power rates are granted and the initial 
cost for electrical equipment is at a 
minimum. 

Electric arc furnaces have been and 
are being used successfully for the 
melting of electrolytic copper cathodes 

_and a further extension of this applica- 
tion is being made. The difference in 
the characteristics between the arc 
furnace and the Wilkins-Poland re- 
- sistor furnace are such that a considera- 
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ble reduction in the installed KVA for 
any given capacity would result in a 
substantial saving. Increased efficiency 
due to the reduced radiation losses and 
extremely low replacement cost of the 
resistors as compared with arc elec- 
trodes makes the resistor furnace more 
economical than the are furnace. 

Special applications of the Wilkins- 
Poland furnace are being given con- 
sideration where the use of helium, 
argon, chlorine and nitrogen are to be 
used as atmospheres. Past experience 
with nitrogen as an atmosphere has 
shown that this type furnace can be 
made practically gas-tight and there- 
fore it is practical to use these expen- 
sive gases where necessary. 

There have been no changes in the 
dimensions or design of the condenser. 
However, one installation is being 
built in which a small primary con- 
denser will be inserted between the fur- 
nace and the regular condenser. The 
purpose of this is to condense a 10 to 
15 pct fraction of the zinc at this point 
in order to reduce the copper and lead 
in the approximate 85 pct remainder. 


ECONOMICS 


As stated in the previous publication 
the initial investment for building a 
plant to recover metallic zinc from 
scrap brass is appreciably less for this 
process and equipment than for any 
previous processes. The operating labor 
hours and other items as given in the 
previous publication are still applicable. 
However, the power required has been 
reduced approximately 100 kw hr per 
ton. 


Summary 


It has been shown that the high 
temperature electric resistor furnace 
distillation of zinc from secondary 
metals has proven, with further de- 


velopment and use, to be superior in 
economic and metallurgical results to 
the older equipment and process. 

The economics of melting miscel- 
laneous scrap brass for the recovery of 
metallic zinc has been discussed and it 
has been shown that induction electric 
melting is more economical for this 
purpose than fuel fired furnaces. 

The electric melting of electrolytic 
copper cathodes has been suggested as 
an application for the resistor furnace 
because it is believed to be more eco- 
nomical than the present 250 ton fuel 
fired reverberatory furnace practice for 
the production of tough pitch or oxygen 
free shapes. For this purpose the 
Wilkins-Poland resistor type furnace 
would be competitive in installation 
and operating costs. 

Several new installations are in the 
engineering stage. These plants will be 
located both in this country and in 
Europe. 

Although it is rather difficult to ob- 
tain prompt delivery of the trans- 
formers and other electrical equipment 
necessary for these furnaces at this 
time, the expansion in their use to date 
and the degree of interest as shown by 
inquiries for its application to other 
fields give every reason to believe that 
this new metallurgical furnace will find 
a wide and diversified use in the metal- 
lurgical field in the future. 
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Introduction 


Cadmium, along with other impuri- 
ties such as lead, gallium, germanium 
and indium, is characteristically found 
associated with zinc ores, the average 
ratio of zinc to cadmium being about 
200 to 1. The increasing demand for 
cadmium has led most zinc producers 
to develop a means for its recovery. 
The separation and recovery of this 
byproduct constitutes an important 
development in the metallurgical field. 

Zinc sulphide concentrates, princi- 
pally from domestic sources, are proc- 
essed at Donora Zinc Works and they 
assay approximately 60 pct zinc, 30 pct 
sulphur, 0.37 pet cadmium, and 0.8 pct 
lead. Concentrates are roasted to con- 
vert zinc sulphide to zinc oxide. Sulphur 
evolved as sulphur dioxide is used to 
manufacture 60° Baume sulphuric acid 


by the lead chamber process. The . 


roasted ~calcine is sintered to remove 
the remaining sulphur and volatile im- 
purities. Fume from the sintering ma- 
chines is collected by Cottrell pre- 
cipitators and sent to the Cadmium 
Department for cadmium removal. 
The sintered product, a crude zinc 
oxide, is then mixed with coke and salt 
and charged into horizontal retorts for 
reduction to zinc metal. Furnace resi- 
dues are then passed through a Waelz 
kiln which recovers practically all of 
the remaining zinc as an oxide. This 
oxide is collected by Cottrell precipi- 
tators and returned to the sintering 


360 . . . Metals Transactions, Vol. 185 


CO, C2 C O OG © © © 


plant for further processing. 

The following discussion covers oper- 
ating procedure, and equipment used 
in the Cadmium Department for the 
manufacture of cadmium and its by- 
products. (See attached Flow Sheet, 
Fig 1.) 

The production of cadmium may be 
divided into several steps, each of 
which will be discussed separately. 
These steps are as follows: 

1. Raw Materials—Sinter Plant Cot- 
trell dust, acid sludge and sulphuric 
acid. 

2. Sulphating—Separation of lead. 

3. Purification—Separation of im- 
purities other than zinc. 

4. Precipitation—Separation of cad- 
mium from zinc. 

5. Briquetting—Preparation of 
sponge for charging to furnace. 


6. Smelting—Distillation of cad- 
mium metal. 
7. Remelting—Casting into com- 


mercial shapes. 

8. Recovery of Rare Metals—Sepa- 
ration of germanium, gallium and 
indium. 


Raw Materials 


The raw material, or Sinter Plant 
Cottrell dust, from which the cadmium 
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is manufactured, is recovered by Cot- 
trell units collecting fume from two 
Dwight-Lloyd sintering machines. An 
average analysis of this dust is 36 pct 
zinc, 1.5 pet sulphur, 17 pct lead, and 
5.5 pet cadmium, with associated ele- 
ments in smaller amounts. A lesser 
tonnage of material removed from the 
sintering machine fans, and called fan 
cleanings, is also treated for cadmium. 
It is lower grade material and analyzes 
approximately 41 pet zine, 1.2 pet sul- 
phur, 14 pct lead, and 4 pct cadmium. 
Cottrell dust and fan cleanings are de- 
livered to the Cadmium Department 
by monorail crane in bell-bottomed 
dump buckets. 

Acid sludge and 60° Baume sulphuric 
acid are received from the Acid De- 
partment. The acid sludge is a mixture 
of lead sulphate, sulphuric acid and 
zinc sulphate, and is recovered mainly 
from the floors of the acid chambers or 
storage tanks. The acid sludge is de- 
livered to the Cadmium Plant in a lead 
lined bucket. The 60° Baume sulphuric 
acid is delivered through a lead pipe 
to a lead lined storage tank. 


Sulphating 


Four well ventilated lead lined sul- 
phating tanks, 814 ft in diam by 12 ft 
deep, are used. These are steel tanks 
lined with 20 Ib lead on the bottom 
and 16 lb lead on the sides, equipped 
with Hastelloy side agitators. 15 hp 
motors drive 24 in. propellers at 450 
rpm. There are water connections to 
stuffing boxes to keep sludge from 
entering the bearings. The tanks are 
covered with removable wooden lids 
and are connected to marine plywood 
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FIG 1—Flow sheet. Fire metallurgy of cadmium. 


stacks. The bottoms of the tanks slope, 
1 in. per ft, to 4 in. Everdur bronze 
gate valves. There are air, steam, 
water, acid and weak liquor connec- 
tions to each tank. 

In the treatment of dust, 3 to 4 ft 
of water, or weak cadmium wash liquor 
from a previous batch, is added to the 
sulphating tank. While this solution is 
being agitated a bucket of dust is 
placed on the dumping ring on the 
tank and the dust added slowly over a 
period of 15 to 30 min. An average 
bucket of Cottrell dust weighs 5 or 
6 tons. 

Acid sludge, when available, is added 
at this point to supply the necessary 
sulphuric acid for treatment. Care must 
be taken that too much sludge, and 


consequently too much sulphuric acid, 


_ is not added. All excess acid must later 


be neutralized with zinc dust. When no 
acid sludge is available 60° Baume sul- 
phuric acid, from the Cadmium Plant 
storage tank, is used. The sulphating 


tank is then brought to a boil with 
steam to dissolve soluble material. 
Usually 4 to 6 hr of boiling and agi- 
tation are needed. The acidity is so 
- adjusted that, upon final dilution with 


mS 


_ water, the solution will show approxi- 
mately 1 pct acid. After dilution the 
steam is shut off and the lead sulphate 


allowed to settle. This settling period 
| may be 6 to 8 hr. 
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To determine the acidity of the solu- 
tion, a 10 ml sample of the liquor is 
titrated with sodium hydroxide using 
methy] orange as the indicator. It may 
be necessary to filter the sample before 
titration. 

The purpose of the sulphating treat- 
ment is to put cadmium and zinc into 
solution and to convert lead to lead 
sulphate. The lead sulphate is practi- 
cally insoluble and settles to the tank 
bottom leaving 7 or 8 ft of clear liquor 
above it. When the sample cup shows 
that the lead sulphate has settled suf- 
ficiently, a suction hose, from a lead 
LaBour pump, is dropped to within 
6 in. of the mud level of the tank and 
the clear liquor decanted to one of the 
purification tanks. When the batch of 
clear liquor has been pumped out, the 
tank is ready for treatment of more 
dust. Usually two buckets of Cottrell 
dust and two tanks of acid sludge may 
be treated before it is necessary to re- 
move accumulated lead sulphate. If no 
sludge is available, and sulphuric acid 
is being used in treatment, three 
buckets of dust may sometimes be 
treated before lead sulphate removal. 

The above treatment and settling 
time will vary somewhat with the den- 
sity, moisture content, chemical char- 
acteristics, and physical properties of 
the dust and sludge. 

After the second or third batza of 
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clear liquor has been pumped to the 
purification tanks, the remaining lead 
sulphate is given a | pct sulphuric acid 
wash and several water washes. The 
acid wash is decanted to the purifica- 
tion tanks and treated as regular preg- 
nant cadmium solution. The final 
washes of 2° Be’ or less are decanted 
to storage for subsequent use as make- 
up water in the sulphating tanks. The 
accumulated lead sulphate is then 
pumped, asa slurry, to 25 X 50 ft con- 
crete storage bins where it can again 
settle, and the water can be decanted 
off as necessary. 

The lead sulphate is allowed to 
accumulate during the winter and in 
summer weather it is air-dried for 
shipment to lead smelters. This finished 
lead sulphate assays approximately 
63 pct lead, 1 pet zinc, 0.2 pet cad- 
mium, and may contain small amounts 
of silver. The use of acid sludge in- 
creases the lead content of the lead 
sulphate. 


Purification 


The two purification tanks are 814 ft 
in diam and 15 ft deep. They are 
equipped with agitators, and individu- 
ally ventilated. Each tank has a hinged 
cleanout door at the bottom which 
closes with a wheel clamp. These tanks 
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are agitated while the clear acid liquor 
from the sulphating tanks is being 
pumped into them. Zinc dust, or fine 
zinc skimmings, is added during agi- 
tation in sufficient amount to neutralize 
the solution. This addition of zinc pre- 
cipitates part of the cadmium and 
nearly all impurities such as lead, tin, 
copper, silver, gallium, indium and 
germanium. It is very important that 
these purification tanks be well venti- 
lated because of evolution of nascent 
hydrogen from the reaction of zinc and 
sulphuric acid. 

The zinc dust or skimmings used as 
a precipitant is a mixture of metallic 
zinc and 5-10 pct zinc oxide. Normally 
100 to 200 lb of zinc dust are needed 
to raise the hydrogen ion concentration 
of the batch to 5.5. The neutral point 
is checked with methyl! red or prefer- 
ably with Hydrion pH test paper. The 
tank is then agitated for several hours 
and allowed to settle. When the solu- 
tion has settled a suction hose is 
dropped to within 6 in. of mud level 
and the clear liquor decanted to the 
precipitation tank by a LaBour pump. 
The purification tank is then ready for 
another batch of liquor from the sul- 
phating tanks. 

The liquor pumped to the purifica- 
tion tanks will have a Baume of 20 to 
25° and, as stated before, will run about 
1 pet acid. Higher acidity may cause a 
violent evolution of hydrogen and ex- 
cessive foaming. The Baume must also 
be kept within reason, since usually the 
higher Baume solutions settle very 
slowly. When sufficient sludge has ac- 
cumulated to prevent the tank from 
settling properly it is removed as 
discussed later under ‘“‘Rare Metal 
Recovery.” 


Precipitation 


The precipitation tank is identical 
with the two that are used for purifica- 


tion. The clear liquor from the purifi- | 


cation tanks is pumped into this tank 
and enough sulphuric acid added to 
raise the acidity to 0.5 pct. Screened 
zinc dust or zinc skimmings is then 
added slowly to the agitated solution 
to precipitate cadmium sponge. Hydro- 
gen is evolved by the reaction of zinc 
and sulphuric acid, therefore good 
ventilation is also necessary here. The 
solution must be kept acid, since a 
basic solution will precipitate a sponge 
which is not suitable for briquetting. 
A polished strip of metallic zinc is used 
to determine when all the cadmium 
has been precipitated. The zinc strip 
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will show no black stain when dipped 
in liquor from which all cadmium has 
been removed. The experienced oper- 
ator can usually determine the end 
point visually as there is considerable 
gas evolved. At this point care must 
be taken to prevent excessive foaming 
or the tank may overflow. 

When the end point is reached, the 
agitator is turned off and the grey 
metallic sponge settles quickly to the 
bottom of the tank. The clear liquor is 
then decanted to a settling tank. The 
sponge is not removed after each pre- 
cipitation but is allowed to accumulate 
until 2000 to 3000 lb are in the tank. 
When ready for removal, the sponge is 
given a 1 pct cold acid wash followed 
by about six cold water washes. After 
pumping off the final water wash, the 
bottom door of the tank is opened and 
the sponge shoveled into barrels. The 
barrels of sponge are immediately 
covered with water to prevent oxida- 
tion. If allowed to stand in the air, the 
sponge becomes very hot and changes 
to the oxide. The sponge contains 90 to 
95 pct cadmium, 1 to 2 pct zinc, 1 to 
2 pct lead plus other impurities in small 
amounts. Most of these impurities are 
carried from the purification tank to 
the precipitation tank mechanically 
since the liquor does not always settle 
water clear. Also, pockets of gas in the 
mud on the tank bottom are released 
as the liquor above is removed and this 
disturbance in the tank causes some 
impurities to be carried over. 

Following the precipitation tank are 
two settling tanks 10 ft in diam and 
10 ft deep with agitators. The liquor 
pumped from the precipitation tank 
usually contains small amounts of cad- 
mium which either are not precipitated 
or have gone back into solution. A 
small amount of zinc dust is added to 
the liquor pumped to the settling tank 
for removal of this last trace of cad- 
mium and to neutralize any remaining 
acid. The tank is agitated until a test 
with tri-methyl-phenyl-ammonium io- 
dide shows no cadmium in solution. 
The tank is allowed to settle clear. 

This clear liquor is then pumped to a 
storage tank. The sponge which collects 
in these tanks is removed periodically 
and returned to the purification tanks, 
as it is not suitable for briquetting. 

Part of this liquor is pumped to the 
sintering plant and serves as a wetting 
agent in the charge going to the sinter- 
ing machines. Any excess: wash liquor 
is treated with lime at the Cadmium 
Department and the precipitated zinc 
oxide and calcium sulphate, after being 


filtered and dried, is sent to the sinter- 
ing plant. 


Briquetting 


The cadmium sponge from the pre-_ 
cipitating tank is briquetted in a 
Watson-Stillman press operated by an 
Oilgear hydraulic pump. This hydraulic 
press has a mold 6 in. in diam and 4 in. 
deep. The sponge is removed from the 
stock barrels and placed on the press 
table. To make a briquette, the mold 
is filled with sponge and pressure is ap- 
plied. The upper plunger moves down 
and forces the pressure plate into the 
mold. Pressure is applied until the 
water and gas are squeezed out of 
the sponge and plunger stops moving— 
a matter of 5 to 10 sec. The upper 
plunger is then withdrawn and a lower 
plunger comes up, forcing the briquette 
from the mold. The briquettes are re- 
moved, as made, to a weighing scale, 
until 500 Ib have been made. These 
500 lb batches of briquettes are then 
returned to a barrel and again covered 
with water. 

The finished briquette is 6 in. in 
diam and from 14 to 1 in. thick. The 
total pressure applied is approximately 
3500 psi. The water and fine particles 
of sponge, draining away from the 
press, are returned to the purification 
tank. This press will make from 1500 
to 2000 lb of briquettes per 8 hr shift. 
The finished briquettes contain about 
10 pet water. The briquettes appar- 
ently are not affected by being stocked 
under water, although when held for 
a considerable time hydrogen gas is 
slowly evolved. 


Smelting 


There are four tilting type furnaces 
for the distillation of the cadmium 
briquettes, each of which contains a 
Lava No. 40 graphite type retort and 
a cast iron condenser. They are fired — 
by natural gas using a zero gas gover- — 
nor which gives a constant gas and 
air ratio. The distillation furnace is 
mounted with short axles on cast iron 
trunions and may be tilted by a hand 
wheel gear and pinion from a 30° distil- 
lation angle to a horizontal position for 
cleaning. The furnace is a cylindrical 
steel shell lined with firebrick and has 
two tangential burner ports diametri- 
cally opposite at the base of the shell 
to give the gas a swirling motion for 
uniform heating of the retort. The cast 
iron condenser is mounted on a four 
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wheeled iron carriage for convenient 
removal. 

About an hour before charging a re- 
tort, 500 lb of briquettes are removed 
from under water and allowed to drain. 
The 500 lb charge is then placed in the 
hot retort. The cast iron condenser is 
placed in position over the retort and 
sealed with clay. In approximately one 
hour, steam from the charge is driven 
off and the metal begins to distill. The 
distilled cadmium is tapped, as often 
as necessary, into iron molds. Ordi- 
narily it takes from 16 to 20 hr for a 
charge to work off. When the cadmium 
has distilled, the condenser is removed 
and the residue and slag scraped from 
the retort. The retort is then ready for 
recharging as before. An average 500 Ib 
charge of briquettes will produce about 
375 lb of metal and 35 lb of residue plus 
some condenser cleanings. 

Cadmium residue, from the retorts, 
is crushed and accumulated for retreat- 
ment in the sulphating tanks with acid. 

. The acid insoluble material is sent to 
the Waelz Oxide Plant for removal of 
residual cadmium. Any slag formed 
during smelting is also collected and 
sent to the Waelz Oxide Plant. Con- 
denser cleanings are usually high in 
metallic cadmium and are recharged 
into a retort in separate batches. Fumes 
and dust from the furnaces are collected 
by hoods and recovered by a cyclone 
and Dracco dust catcher. This dust and 
fume are accumulated and acid treated 
along with residues. 

The cadmium metal recovered from 
briquettes is ordinarily too high in lead 
for commercial use and must be re- 
distilled. A 1000 lb charge of metal is 
placed in a relatively new retort and 
distilled as above, tapping metal from 
the condenser as often as necessary. A 
1000 Ib charge will normally produce 


975 lb of metal ready for casting into 
commercial shapes. 


Remelting 


Redistilled cadmium is accumulated 
until a sufficient amount is on hand to 
fill an order or until it is convenient to 
recast it into commercial shapes. The 
cast iron melting pot is gas fired. It is 
hemispherical in shape, being approxi- 
mately 4 ft in diam. A considerable 
amount of skimmings, consisting of a 
mixture of cadmium oxide and metal, 
collects on the pot of molten metal and 
must be skimmed off occasionally. These 
skimmings are accumulated for recharg- 
ing into the cadmium furnaces. If the 
pot of molten metal is held at a high 
temperature too long, small amounts of 
zinc present will burn off and the cad- 
mium metal will oxidize excessively. 
The temperature is kept slightly above 
the melting point of 320.9°C. The 
molten cadmium is ladled from the 
melting pot and cast into commercial 
shapes. The finished metal will run less 
than 0.1 pet zinc and less than 0.02 pct 
lead, plus spectrographic traces of 
several other elements. 


Rare Metal Reeovery 


As stated under the heading of 
‘Purification,’ the impurities removed 
from the cadmium liquor collect on the 
tank bottom until this bulk becomes so 
great that the solution in the tank will 
not settle properly. At this point, the 
accumulated sludge must be removed. 
This sludge contains cadmium, zinc, 
lead, tin, chromium, copper, germa- 
nium, indium, gallium and traces of 


other elements below zinc in the Elec- 
tromotive Series. Besides the cadmium 
and zinc, the only other elements being 
recovered from this sludge at present 
are the gallium, indium and germanium. 

Previous to its removal, the sludge 
is given several acid washes to dissolve 
as much cadmium as possible. Before 
these washes are allowed to settle, they 
are made basic with a small amount of 
zinc dust to reprecipitate any rare 
metals which may have gone into solu- 
tion. These decanted washes are treated 
in the precipitating tank to recover 
cadmium. The sludge remaining in the 
purification tank is then given a strong 
acid treatment to put as much material 
in solution as possible. After settling, 
the clear portion of this solution is de- 
canted to the precipitating tank and 
treated with zinc dust. The precipi- 
tated sponge, containing rare metals, 
is removed, briquetted, and charged as 
usual into the cadmium furnace. The 
residue is saved for rare metal recovery. 
This sponge is occasionally too slimy to 
briquette and, in this case, is dried on a 
hot plate prior to treatment for rare 
metals. Such material may contain 
4-7 pet germanium, 5-10 pct indium 
and less than | pet gallium. 

The insoluble material remaining in 
the purification tank, after the strong 
acid treatment, is mainly lead sulphate 
and contains approximately 5 pct cad- 
mium, 0.7 pet germanium, and 0.1 pet 
indium. This residue is pumped as a 
slurry to a storage bin’ for future 
treatment. 

A separate set of tanks is used for 
rare metal recovery. Gallium, indium 
and germanium are currently being re- 
covered and purified but it is be- 
yond the scope of this paper to go 
into the methods of concentration and 
purification. 
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On Feb. 16, 1948, the Board of 
Directors of AIME authorized the 
publishing of “Technical Notes” in 
Metats Trecunoxocy (as of Jan. 1, 
1949, Transactions Section, JOURNAL OF 
Merats - TECHNOLOGY - PRACTICE). 
The purpose is to provide prompt publi- 
cation of rery short items of the follow- 
ing general types: 

1. Results of short investigations 
which do not warrant a paper. 

2. The conclusions of extensive in- 
vestigations of insufficient general 


Teehnieal Notes 


interest to justify a regular paper. 

3. Conclusions arising in the course 
of an investigation, which, because of 
interest to others in the field, the 
author wishes to present prior to com- 
pletion of the investigation. 

4. Pertinent factual comment (not 
mere argument) on the subject matter 
of previous “‘ Notes.” 

Such Notes will be subject to the 
approval of the Auxiliary and AIME 
Publications Committees, but can be 
handled more promptly than regular 


papers because they need not be re- 
ferred to readers. The recommended 
maximum length is 500 words; notes in 
excess of 1,000 words will not be con- 
sidered for this type of publication. A 
graph or photograph may be included 
as part of the note when particularly 
illustrative. As with regular papers, 
contributions to the new section should 
be submitted to the Secretary of the 
AIME. Please furnish two copies each 
complete with illustrations. 


The Statistical Nature of the Endurance Limit 
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J. T. RANSOM,* Junior Member, and R. F. MEHL,{ Member, AIME 


For many years the Metals Research 
Laboratory of Carnegie Institute of 
Technology has been concerned with 
the statistical nature of the engineering 
properties of steel from an experi- 


mental viewpoint, particularly those . 


properties representing ductility.1 In 
the past three years new work has been 
directed toward evaluating the sta- 
tistical nature of the endurance prop- 
erties. It has been shown that both 
the fracture curve and the endurance 
limit in fatigue are markedly statistical 
in nature. 

The S-N curve (and the endurance 
limit) of ferrous materials is often 
determined with specimens which num- 
ber as few as ten. The common pro- 
cedure is to test the first specimen at a 
stress well above the expected endur- 
ance limit. Each succeeding specimen 
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is then tested at a progressively lower 
stress, until, after five or six tests, a 
specimen runs ten million or so cycles 
without failing. Two or three more 
specimens are then used to find the 


Technical Note 15 E. Discussion of 
this note (2 copies) may be sent to 
Transactions AIME before August 1, 
1949. Manuscript received February 
14, 1949; revision received April 8, 
1949. 

* Formerly graduate student, De- 
partment of Metallurgical Engineer- 
ing, Carnegie Institute of Technology, 
Pittsburgh, Pa.; now Research Metal- 
lurgist, Engineering Research Labor- 
atory, E. I. duPont deNemours & 
Co., Inc., Wilmington, Delaware. 

+ Head, Department of Metal- 
lurgical Engineering, and Director, 
Metals Research Laboratory, Car- 
negie Institute of Technology, Pitts- 
burgh, Pa. 

1 References are at the end of the 
note. 


highest stress at which failure will not 
occur; the limiting stress determined 
in this way is called the endurance 
limit. It has now been found, however, 
that the variability in the fracture 
curve and in the endurance limit in~ 
heat-treated alloy forging steels is so 
great that S-N curves must be drawn 
on the basis of distribution curves 
which can be appraised only by sta- 
tistical methods. 

Two methods have been adopted in 
this study: (1) straightforward sta- 
tistical studies of cycles to fracture of 
a number of specimens at each of a 
series of stress levels, and (2) a new 
abbreviated statistical method, known 
as “staircase testing.”? The latter 
consists in testing a series of speci- 
mens, one by one, with the test stress 
for any given specimen automatically 
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SAE 4340 STEEL 
TRANSVERSE TESTS 
RR. MOORE TYPE 
STEP SIZE = 500 Psi. 


Q+2 0’ = 52,080 


gitee = once 


(1000 PSI.) 


= FAILURE 


STRESS 


NON-FAILURE 


determined by whether the preceding 
specimen failed or ran out unbroken 
through ten million cycles. The stress 
for the first specimen is chosen at a 
level where 50 pct failures would be 
expected if a large number of speci- 
mens were so tested, that is, at about 
one-half the tensile strength for steels. 
If the first specimen fails, the stress 
for the second specimen is decreased 
by one step, say 500 psi. If the first 
specimen “‘runs out” unbroken, the 
stress for the second specimen is raised 
by one step, and so on. The results ona 
SAE 4340 steel are plotted chrono- 
logically as X’s (failures) or O’s (non- 
failures), as in Fig 1. The X’s and 0’s 
are then used to compute? d, the aver- 
age endurance limit (the stress at 
which 50 pct of the specimens would 
fail and 50 pct run out), and oa, the 
standard deviation (if each of a very 
large number of specimens reveals its 
own exact endurance limit, the range 
@ + 20 would include 95 pct of these 
values). Calculation of the data in 
Fig 1 results in the prediction that the 
true scatter range in terms of +20 
extends from 40,460 to 52,080 psi. 
This result is in conformity with 
findings of the usual statistical ap- 
proach; 146 specimens were tested at 
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SPECIMEN NUMBER 


FIG 1—Results on a SAE 4340 steel. 


STRESS (1000 PSI.) 


40 
105 
CYCLES TO FAILURE 


FIG 2—Value of +2c for endurance limit. 


104 


stress levels distributed evenly over 
the 12,000 psi range indicated, and to 
this were added 64 specimens tested 
at stresses above the indicated average 
endurance limit. The value of +20 
for the endurance limit as calculated 
from these data gave 11,250 psi, Fig 2. 
Similar results were found for other 
forging steels in both the transverse 
and the longitudinal directions. It is 
interesting to note that groups of ten 
specimens chosen from the 210 samples 
in a manner to simulate the con- 
ventional testing procedure, but other- 
wise at random, provided eight S-N 
curves with points for each agreeing 


|G = 46270 


95% 


with the drawn curve as well as on most 
published curves, but each curve 
showing wide divergence from one 
another, giving endurance limits rang- 
ing from 50,000 psi to 41,000 psi; 
such is the way that chance may oper- 
ate, to the deception of the observer, 
in a statistical universe. 

It is evident that estimates of the 
true endurance limit and of the fracture 
curve may be substantially in error 
when based on the small number of 
tests commonly employed. It appears 
that the fatigue properties of such 
steels can be appraised only on sta- 
tistical grounds. Moreover, it appears 
that the endurance limit must be used 
in design in full recognition of its sta- 
tistical nature; if design is based upon 
a stated stress level for the endurance 
limit, then, on principle, a fixed num- 
ber of fatigue failures must be expected. 
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Investigation of Temper Brittleness 
in Low-alloy Steels 
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Temper brittleness refers to the loss 
in the notched-bar impact resistance 
encountered in most medium- or low- 
alloy steels when they are tempered 
within the temperature range of 700 
to 1100°F or slowly cooled from a 
higher tempering temperature. Temper 
brittleness is important because it 
impairs the service properties of other- 
wise suitable steels over the range 
of hardnesses obtained at medium 
tempering temperatures and because 
it is impractical to cool pieces of large 
section rapidly enough from higher 
tempering temperatures to prevent 
temper brittleness. 

The problem of temper brittleness 
has always been closely associated with 
ordnance manufacture because armor 
plate and gun steels require good shock 
resistance and are often heat treated in 
heavy section. However, it is now real- 
ized that many brittle failures in struc- 
tural alloy steel parts are attributable 
to temper brittleness, and there is little 
question that it contributes to the low 
impact resistance of alloy steels used 
in the hot-rolled or normalized condi- 
tion which are slowly cooled from the 
hot-rolling or normalizing temperature. 

Recently Hollomon! has presented a 
comprehensive summary of the litera- 
ture on the subject and an excellent 
description of the manner in which 
temper brittleness affects the notched- 
bar impact resistance and other me- 
chanical properties of steel. 

Carpenter and Robertson? have 
given a good analysis of the probable 
mechanism of temper brittleness, which 
is similar in many respects to the pre- 
cipitation-hardening phenomenon. Fig 
1 is their diagram illustrating the re- 
sponse to tempering of a susceptible 
steel. Three changes are recognized as 
the temperature of tempering a previ- 
ously quenched steel is raised: (1) pre- 
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FIG 1—Effect of tempering on impact 
toughness.? 


cipitation occurs more rapidly and to a 
greater extent and the notched-bar im- 
pact value falls to a minimum; (2) 
coalescence of the precipitated particles 
begins to be effective and the impact 
values for both rapidly cooled and 
slowly cooled specimens increase; (3) 
the precipitate goes back into solution 
at higher tempering temperatures and 
the impact values of specimens cooled 
rapidly enough to retain the solution 
increase, while reprecipitation occurs in 


‘slowly cooled specimens and their im- 


pact values decrease again. No change 
must proceed to completion before the 
following one begins and there is over- 
lapping in temperature ranges. 
Although there have been a large 
number of experimental investigations 
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of temper brittleness, insufficient evi- 
dence has been accumulated to permit 
definite identification of the precipitate 
which causes temper brittleness nor 
have the specific effects on it of various 
alloy elements and impurities in steel 
been definitely established. This lack of 
evidence is largely a result of the lack 
of a suitable measure for temper 
brittleness. 

Temper brittleness is evidenced by 
an increase in the temperature of brittle 
failure of notched-bar impact. speci- 
mens, but most of the data are in the 
form of an arbitrary susceptibility 
ratio of the room-temperature impact 
value for specimens quenched from a 
high tempering temper to that of simi- 
lar specimens furnace cooled from the 
temper. It is obvious that this numeri- 
cal ratio is dependent upon the type of 
specimen used and the specific condi- 
tions of testing rather than the charac- 
teristics of the steel. 

In general, manganese, chromium, 
and nickel alloy steels are most sus- 
ceptible to temper brittleness and 
molybdenum has been used to decrease 
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Table 1. . . Chemical Analyses of Experimental Steels 


Per Cent 
Type Steel,* 
Pct 
Cc | Mn| 8 > : Al 
I i I tS) Ndditon Others 
aE tae 0 23 0.92 0 19 0.020 0.018 0.10 
ae . are 0 25 1.58 0.17 0.022 0.019 0.10 
aan ae n 0.47 La0a: 0 20 0.020 0.017 0.10 
Sah Ni 0.27 0 19 On27 0.018 0.017 0.10 2.9 Ni 
eT Cr 0.23 0 20 0.16 0.022 0.017 0.10 4.95 Ni 
re Ce 0.26 0 21 0.26 0.018 0.016 0.10 0.72 Cr 
oe Mo 0.24 0 20 0.18 0.020 0.015 0.10 1.44 Cr 
na Mo 0.25 0.20 0.18 0.019 0.017 0.10 0.63 Mo 
1. f os 1.0 Mo 
ROY ae if. ° 26 0.20 0.20 0.018 0.017 0.10 2.0 Ni, 0.09 Ti 
SON Le 4 27 0 23 0.26 0.014 | 0.016 0.10 20) Ni: 0.12) Vi 
Br: Ve - eae 4eyi 0.20 0.16 0.110 0.016 0.10 3.0 Ni 
ia Mo Ae me No Al see 1.08 0.27 0.016 0.019 0.10 Ont Cr 
a Ma eee G. ; an Ate (3 es ‘ae 0.24 0.018 0.020 None 0.76 Cr 
ite Ma ee ro Pee M Bins 0 ) 0 20 0 016 0.019 0.10 0.78 Cr, 0.20 Mo 
ca Ma : oe ae Rae Mo ae 1.06 0.22 0.017 0.016 0.10 0.76 Cr, 0.50 Mo 
wet Ma . de fae P °o > =f 1 ee : 26 0.018 0.017 0.10 0.77 Cr, 0.75 Mo 
ee ar 4 aS Cc. ene 4s 1.05 0.26 0.057 0.018 0.10 0.78 Cr 
inten eases a e -26 1.08 | 0.24 | 0.006 | 0.020 0.10 0.75 Cr 
.5 Mn, 0.005 I 0.27 see. 0.22 | 0.005 | 0.021 0.10 


* The intended base analysis was 0.25 : p ‘ ili 
a .25 pet carbon, 0.20 pct manganese, 0.20 pct silicon, 0.02 pct 
phosphorus, 0.02 pet sulphur (0.1 pet aluminum added). 2 a. az 


temper brittleness. The apparent effect 
of phosphorus in increasing temper 

brittleness has been attributed by 
Hollomon! to an increase in the temper- 
ature of brittle failure of nonembrittled 
steels of high phosphorus content which 
in many instances brings the divergence 
in the impact curves between em- 
brittled and nonembrittled specimens 
closer to room temperature. 

Various investigators have suggested 
that the temper-brittleness precipitate 
is a carbide, a nitride, a phosphide, or 
an oxide. Hollomon! states that the 
rate of diffusion of the responsible ele- 
ment is such that either nitrogen or 
carbon appears to be involved. 

A recent study* indicated that 
neither variations in the nitrogen con- 
tent of susceptible steels, nor the addi- 
tion of nitride stabilizing elements such 
as boron, aluminum, titanium, or zir- 
conium have any appreciable influence 
on temper brittleness. It is possible to 
develop a form of temper brittleness in 
low-carbon Armco ingot iron which 

appears to be a result of iron carbide 
precipitate at the grain boundaries. 
However, when the carbon content is 
increased to about 0.15 pct and there 
are a large number of carbide particles 
_ throughout the grain, the grain bound- 
_ary precipitate does not appear and un- 
alloyed carbon steels do not seem to be 
noticeably temper brittle. 

Copper and tin have lower solubility 
in ferrite at normal temperatures than 
in ferrite at higher temperatures and 
when present in sufficient amounts 
(much larger than normal) may: pro- 
duce a form of temper brittleness. 
_ Phosphorus has a solubility of about 1 
pet in iron, and would, therefore, not 
ef a 
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be expected to be a direct cause. 
Neither oxygen nor sulphur is believed 
to have the solubility characteristics in 
ferrite which would lead to temper 
brittleness, nor do the effects of other 
elements on temper brittleness fit in 
with their probable behavior. 

This brief discussion indicates the 
need for further data on the specific in- 
fluence of various elements on temper 
brittleness. The remainder of this 
paper discusses an investigation of the 
susceptibility to temper brittleness of a 
series of experimental low-alloy steels. 


Materials and Test 
Procedures 


Twenty experimental steels of the 
compositions indicated in Table | were 
melted by a standard induction furnace 
practice in a magnesium oxide crucible. 
Armco ingot iron was used as a base for 
all except the last two steels, for which 
electrolytic iron was used. One-tenth 
pet each of manganese and silicon was 
added as ferroalloys with the charge. 
Carbon and alloy elements were added 
after melt down. Final deoxidation was 
made 2 min. before pouring, using 
ferromanganese and ferrosilicon in all 
melts and aluminum in all but one. 
All melts were cast into 50-lb cast-iron 
ingot molds at a pouring temperature 
of 2950-3000°F as measured by an op- 
tical pyrometer. 

The 50-lb ingots were forged to 
114- X 4-in. billets and then rolled in 
the longitudinal direction to }4-in. 
plate at a finish rolling temperature of 
1950°F. Impact bars were cut priallel 
to the rolling direction and ground to 


1g in. square before heat treatment. 
After heat treatment, the bars were 
finish ground to 0.394 in. square, and a 
standard Charpy ‘V” notch was 
machined on a side perpendicular to 
the original plate surface. This notch 
orientation on rolled plate avoids split 
fractures and meaningless high impact 
values frequently encountered on speci- 
mens from forged bar or plate notched 
parallel to the rolled surface. 

Heat treatments were as indicated in 
Table 2. The cooling rate on bars fur- 
nace cooled from the tempering tem- 
perature averaged 30°F per hr over the 
temperature range of 1100 to 700°F. 
Impact bars were broken in a standard 
Amsler impact testing machine with 
103 ft lb initial energy in the hammer. 
Bars tested at subatmospheric temp- 
eratures were immersed in a dry ice- 
acetone bath for at least 15 min. 
before testing and broken within a few 
seconds of removal from the bath. 
Notched-bar impact values are given in 
Table 2. Rockwell A hardnesses taken 
on a ground surface of bars represent- 
ing each heat treatment and Brinell 
equivalents obtained from the conver- 
sion tables supplied by the Wilson In- 
strument Co. are also given in Table 2. 


Discussion of Results 


The impact results given in Table 2 
are limited to +75°F and —40°F. A 
steel which retains a relatively high 
impact value for the standard Charpy 
V-notch test at the latter temperature 
is generally regarded as sufficiently 
tough for most applications. However, 
it is not certain that a steel which had 
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Table 2... . Results of Notched-bar Impact and Hardness Tests 


V-Notch Charpy Impact 
Quench Hardness Ft Lb 
snperatute t h Furnace Cool 
Type Steel,* Pct Nate ‘ Water Quenc 
- f kwel pprox. 
Temp.,{ Med Roc 
oF edia A Bhn 4.75°F 46K 475°F | —40°F 
F 3, 10: 87, 103 103, 103 93, 97 
Be OM on Bune 1200 34-38 181 sae 103, 103 103, 103 
00 rine ; : ’ i 
1.5M 1628 Brine 1200 56-57 197 92, 92 o5 108 ea ee Bo 
0.5.6, 1.0 Mn oar gs 1250 ia me 509 oe * 33. 36 65, 70 25,25 
a =f 72 > P ’ : 
3.0 Ni 1625 Brine 1200 54-55 we 103, 103 13, igs 103, 103 i 
a ae OR eae 192 86, 90 58, 57 100, 101 88, 103 
Sins pees oe 1150 5619-87 199 103, 103 102, 98 
PAK 2 . > Pe 
0.75 Cr 1625 Brine 1200 ee 214 103, 103 103, 103 103, 103 103, 103 
) Brine 1200 14-5936 , | , 
1.5 Cr 1628 Brine 1200 9-60 223 103, 103 103, 103 103,103 | 129: 100 
1750 Brine 5834-5 03, 
1900 Burne 59-6014 226 103, 103 a 49, 15 
ri 1200 61-6114 236 102, 101 65,38 i i 
tates 1900 Brine 1200 6134-6244 241 64, 42 66, 46 
00 Zan 72 see) 
1.0 Mo 1625 Brine 1200 2-63 248 91, 92 37, 30 81, 81 33, 27 
1250 61-62 : ee 
i i p i 0 55-56 181 103, 103 59. 79 103, 103 92, 4 
Se a Reine 1350 53-5414 178 103, 103 94,91 103, 103 74,77 
1900 Brine 1200 58-59 214. 7 2 aa 
i ‘ i 2-62.14 243 103, 97 49, 44. 101, 101 31, 
TEN Pee es 1380 ce 232 103, 103 71, 54 103,101 36,41 
ine 1200 62-63 248 100 5 
i 1628 Bune 1200 56-57 197 103, 103 84, 58 57, 60 5,4 
Sg setae 1500 Brine 1200 56-5644 194. 103, 103 93, 82 69 30, 27 
n 2 = q ae ’ 7 
1.0 Mn, 0.75 Cr 1625 Water 1200 59-00 223 103, 103 97, 96 62,60 7,6 
“a 1900 Water 1200 2 : 
59-603 226 93, 93 79, 58 33, 30 3,4 
a ET lees Water 1300 5016-60” 226 93, 102 57, 98 7,8 2,3 
1900 Water 1200 59-6016 226 ; i s 
1.0 Mn, 0.75 Cr, 0.20 Mo 1625 Water 1200 cones 235 103, 103 28 93. 103, 86 186: 1. 
. 1900 ater i 6 ; : 3 
1.0 Mn, 0.75 Cr, 0.50 Mo 1625 Water 1200 50ers 248 87,98 82, 85 86,79 88, 87 
1900 - | Water 1200 216-1 
1.0 Mn, 0.75 Cr, 0.75 Mo 1625 Water 1200 63-6334 256 103, 96 82, 92 72, 69 48, 52 
1.0 Mn, 0.75 Gr, 0.06 P 1625 Water 1200 60-61 232 82.85 38, 49 2:2 2h 
1.0 Mn, 0.75 Cr, 0.005 P 1625 Brine 1200 5416-5614 80, 82 78.77 80, 80 3,77 
1.5 Mn, 0.005 P 1625 Brine 1200 58-60 90,91 94.95 96, 99 82,7 


* The intended base analysis 
+ Time at temperature h 
t Time at temperature 


equivalent values for furnace-cooled and 
water-quenched specimens at —40°F 
testing temperature would not show 
temper brittleness at lower testing 
temperatures. 

Some measure of the temper brittle- 
ness of the various steels as tested at 
—40°F may be obtained by subtracting 
the average value for the furnace- 
cooled specimens from the average 
value for the water-quenched speci- 
mens. This is believed to give a better 
picture than the susceptibility ratio 
which is affected greatly by small 
differences in the value used for the 
denominator. The relative temper brit- 


tleness of the steels as indicated by 


this measure is shown in Table 3. 
Tables 2 and 3 indicate trends for the 
influence of various addition elements 
on temper embrittlement of the base 
analysis (0.25 pct carbon, 0.20 pet 
manganese, 0.20 pct silicon, 0.02 pct 
sulphur, and 0.02 pct phosphorus) as 
described in the following paragraphs. 
Approximately the same increase in 
hardenability, as calculated by the 
Grossmann method, should be obtained 
in the 1.0 pct manganese, 3.0 pct nickel, 
0.75 pet chromium, and 0.5 pct molyb- 
denum steels. Microscopic examination 
indicated that these steels transformed 
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Table 3... Relative Temper Em- 


brittlement of Experimental 
fe} . 
Steels at —40°F Testing 
Temperature 
ee eee eee 
Quenching 
Temperature (1) 
Type Steel, Pct 
1625°F 1900°F 

1.0 Mn 0 0 
1.5 Mn 85 
0.5C,1.0 Mn 13 9(2) 
3.0 Ni 5 0 
5.0 Ni 0(3) 
0.75 Cr 0 0 
1.5 Cr 8 71 
0.5 Mo 0 0 
1.0 Mo 3 0(2) 
2.0 Ni, 0.1 Ti 0 17(2) 9 
2.0 Ni, 0.1 V 23 24(2) 
3.0 Ni, 0.1 P 67 59 
1.0 Mn, 0.75 Cr 90 91 
1.0 Mn, 0.75 Cr, No Al Ko 44 
1.0 Mn, 0.75 Cr, 0.20 Mo] 192 0 
1.0 Mn, 0.75 Cr, 0.50 Mo 0 12 
1.0 Mn, 0.75 Cr, 0.75 Mo| 37 
1.0 Mn, 0.75 Cr, 0.06 P 42 
1.0 Mn, 0.75 Cr, 0.005 P 2 
1.5 Mn, 0.005 P 18 


(1) Tem ering temperature 1200°F unless 
otherwise designated. 


(2) 1250°F tempering temperature. 

(3) 1150°F tempering temperature. 
almost completely to martensite during 
quenching as 14-in.-square bars. All of 
the steels but the 0.5 pet molybdenum 
one maintained high impact values at 
—40°F, and none of them showed tem- 
per brittleness on slow cooling from the 
temper. 

A further increase in nickel content 


was 0.25 pet C, 0.20 pet Mn, 0.20 pct Si, 0.02 pet P, and 0.02 pet S. 
ie 


to 5 pet lowered the critical tempera- 
ture sufficiently that an intercritical 
structure with resultant low impact 
values was obtained for a 1200°F tem- 
per, but no temper brittleness was ap- 
parent when this steel was properly 
tempered at 1150°F. An increase of 
chromium content to 1.5 pet produced 
slight embrittlement, as did 0.5 pct 
carbon with 1 pct manganese, and 0.1 
pet vanadium or titanium with 2 pct 
nickel. 

Extreme temper embrittlement was 
produced by increasing the manganese 
content of the base analysis to 1.5 pet, 
by the combination of 1 pet manganese 
and 0.75 pet chromium, or by the addi- 
tion of phosphorus to a 3 pct nickel 
steel. 

Further experiments with the 1.0 pet 
manganese, 0.75 pct chromium-type 
steel were made to investigate the in- 
fluence of deoxidation practice and 
molybdenum additions. Comparison of 
the steels, with and without aluminum 
addition austenitized at different tem- 
peratures to produce marked variation 
in austenitic grain size, showed no di- 
rect influences of these factors on 
temper embrittlement. Impact values 
for both water-quenched and furnace- 
cooled specimens were higher for the 
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FIG 2—Comparative impact values for 0.02 pct P and 
0.005 pct P steels quenched from 1625°F and tempered as 
indicated. 


aluminum-killed steel than for the sili- 
con-killed steel and higher for the 
silicon-killed steel austenitized at low 
temperature to give fine grain size. 
The influence of molybdenum on 
temper brittleness is quite complex. An 
addition of about 0.20 pct molybdenum 
has a well-known beneficial effect in 
decreasing the apparent temper embrit- 
tlement of susceptible steels. Kishkin‘ 
reported that additions of molybdenum 
or columbium, which were effective in 
preventing temper brittleness of sus- 
ceptible steels quenched from 1690°F, 
were ineffective or even increased em- 
brittlement if the steels were quenched 
from 2280—2370°F. This difference was 
attributed to solution the molyb- 
denum or columbium @Pbides in aus- 
tenite at the higher, but not at the 
lower, quenching temperature. Pel- 
lini and Queneau’ reported that temper 
embrittlement developed in steels with 
high molybdenum content during ex- 
tended holding at tempering tempera- 
tures as high as 1200°F. 
The data of Maurer, Wilms, and 
Kiessler® indicate that, if the molyb- 
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denum content is increased beyond a 
critical amount, the susceptibility to 
temper brittleness increases again. The 
results given in Tables 2 and 3 for 
molybdenum additions to the man- 
ganese-chromium steel indicate an 
optimum molybdenum addition which 
is less for a higher austenitizing tem- 
perature. However, these data on 
molybdenum additions, as well as the 
results obtained for 0.5 pct molyb- 
denum, 1.0 pct molybdenum, 2.0 pct 
nickel-0.1 pct titanium, and 2.0 pct 
nickel-0.1 pct vanadium steels heat 
treated at 1625 and 1900°F austenitiz- 
ing temperatures, and 1200 and 1250°F 
tempering temperatures, are quite in- 
conclusive as far as establishing any 
clear picture of the role of these 
carbide-forming elements on temper 
embrittlement. 

In view of the pronounced effect of 
an increase in phosphorus content on 
temper brittleness of the 3 pct nickel 
steel, two additional melts of the most 
susceptible steels (1.0 pct manganese, 
0.75 pet chromium, and 1.5 pet man- 
ganese) were made with an effort to 


obtain a minimum phosphorus content 
(0.005 pet phosphorus). A very marked 
decrease in the temper brittleness of 
these two steels as indicated by tests 
at —40°F (Tables 2 and 3) accom- 
panied the decrease in phosphorus 
from 0.02 to 0.005 pct. In order to de- 
termine whether this could be an indi- 
rect effect of lowering the transition 
temperature for brittle failure of 
both water-quenched and _ furnace- 
cooled specimens, additional impact 
tests were made at —75 and —110°F 
testing temperatures. 

The complete notched-bar impact 
data for normal and 0.005 pct phos- 
phorus steels are given in Table 4 and 
plotted in Fig 2. Since lowering the 
phosphorus content has not improved 
the impact resistance of the specimens 
water quenched from the temper, the 
great improvement in the impact 
values for furnace-cooled specimens of 
the 0.005 pct phosphorus steel over 
those of the 0.02 pct phosphorus steel 
is attributed to a decrease in the sus- 
ceptibility to temper embrittlement. 
As mentioned previously, these steels 
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Table 4... . Notched-bar Impact Values for Normal and Low-phosphorus 


Steels 
V-Notch Charpy Impact, Ft Lb 
Type Steel, Pct Temper, °F 
+75°F —40°F —75°F | —110°F 
0.75 Cr, 0.02 P 1200 WQ(1) | 103,103 97, 96 75, 76 27, 22 
ee ey rae 80: 82 oe 73, 70 28, 30 
7 i 1200 2 cs (eet 28; 
1 Oe ee anna 1200 Re 80, 80 73, 76 53, 40 13, 13 
1.5 Mn, 0.02 P 1200 WQ 92,92 85, 101 83, 85 31, 36 
ioe he oe od 95 75, 69 28,17 
1200 W 90,9 : 28,17 
Se anda 1200 Re 99, 96 82, 71 35,23 8,9 
(1) Water quenched 
(2) Furnace cooled 
sis of 0.25 pct carbon, 0.20 pct man- Acknowledgments 


were made by similar melting proce- 
dures and the only known difference, 
other than phosphorus content, is that 
electrolytic iron was used for melting 
stock of the low-phosphorus steel and 
ingot iron for the normal phosphorus 
steel. 

These results indicate that phos- 
phorus must have a much more impor- 
tant part in temper embrittlement than 
has been generally supposed. Several 
explanations are possible, but in view 
of the lack of fundamental data on the 
solubility of phosphorus in iron-carbon 
alloys, its influence on the solubility of 
carbon, and its reactions with other 
alloy elements in steel, no theory is ad- 
vanced at this time. 


bi J 


=| Summary y 

Twenty experimental low-alloy steels 
were tested for temper embrittlement 
by comparing notched-bar impact val- 
ues at +75 and —40°F testing tem- 
perature of specimens water quenched 
and furnace cooled from the tempering 
temperature. 

For these conditions of testing, no 
embrittlement was apparent for nickel 
additions up to 5 pct to the base analy- 
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ganese, 0.20 pct silicon, 0.02 pct 
phosphorus, and 0.02 pct sulphur. 
Chromium of 1.5 pet or either 0.1 pct 
vanadium or 0.1 pct titanium with 2 
pet nickel gave slight embrittlement. 
Manganese of 1.5 pct or 1 pct man- 
ganese with 0.75 pct chromium pro- 
duced extreme embrittlement. Deoxi- 
dation practice or grain size did not 
appear to have any direct influence on 
embrittlement. A moderate amount of 
molybdenum decreased embrittlement 
of the manganese-chromium steel. In- 
creasing the phosphorus content of a 
3 pct nickel steel produced temper 
brittleness, and decreasing the phos- 
phorus content from 0.02 to 0.005 pct 
greatly decreased the embrittlement of 
the susceptible 1.5 pct manganese and 
1.0 pet manganese-0.75 pct chromium 
steels. 

Impact-resistance, transition-tem- 
perature curves for the latter steels 
indicate a real influence of small dif- 
ferences in phosphorus content on tem- 
per brittleness, but in the absence of 
fundamental data on the behavior of 
phosphorus in relation to carbon and 
alloy elements in steel, no theory of the 
mechanism of this influence is apparent. 


This work was carried out as a part 
of the fundamental research program 
of Battelle Memorial Institute. Ap- 
preciation for encouragement of the 
work is expressed to Dr. B. D. Thomas, 
Dr GC. 3H. Lorie, and Mii Gas 


Greenidge. 


References 


1. J. H. Hollomon: Temper Brittleness. 
Trans. Amer. Soc. for Metals, (1945), 
36, 473-542. 

. H. Carpenter and J. M. Robertson: 
Metals. London, 1939, Oxford Press. 

3. S. A. Herres and C. H. Lorig: Influ- 
ence of Metallurgical Factors on the 
Mechanical Properties of Steel. 
Trans. Amer. Soc. for Metals. 
(1948), 40, 775-805. 

4. S. T. Kishkin: The Mechanism of the 
Effect of Molybdenum and Colum- 
bium on the Temper Brittleness of 
Steel. Bul. Acad. Science URSS, 
No. 4, 91-4, (1941) (Chem. Abstr., 
(1942) 36, 1578. 

5. W.S. Pellini and B. R. Queneau: De- 
velopment of Temper Brittleness in 
Alloy Steels. Trans. Amer. Soc. for 
Metals, (1947) 39, 139-161. 

Maurer, O. H. Wilms, and H. 
Kiessler: Effect of Phosphorus and 
of Various Alloying Elements on the 
Temper Brittleness and Hot Brit- 
tleness of Structural Steel. Stahl 
and Eisen, Jan. 29, (1942), 81-89, 
Feb. 5, (1942), 115-121. 


bo 


JUNE 1949 


Oriented Arrangements of Thin 
Aluminum Films on lonie Substrates 


T. N. RHODIN, JR.* 


Introduction 


There can be two types of films on 
solids, those which are stable in mono- 
layers and those which tend to aggre- 
gate into three dimensional structures. 
A great number of metal films formed 
by condensation onto a solid base are 

unstable in the sense that they will 
aggregate into crystals providing the 
atoms possess sufficient surface mobil- 
ity. The crystalline structure of the 
film is strongly influenced by the base 
in many systems and, in some cases, a 
single orientation prevails when the 
force fields around the atoms in the sup- 
porting crystal are sufficiently strong." 
Relatively little is available in the 
literature about the nature of these 
forces and the role they play in promot- 
ing a preferred orientation of the 
atoms arriving at the substrate surface. 
An understanding of their periodicity 
and magnitude relative to the surface 
forces characteristic of the film itself 
should provide insight into the criti- 
cal dependence of film orientation on 
the nature and temperature of the 
substrate. 

In addition, this effect may be very 
useful in preparing samples for surface 
studies. The study of the physical and 
chemical characteristics of pure metal 
surfaces has been severely handicapped 

by the presence of strongly adherent 
foreign films. Furthermore, the ran- 
domness of the surface orientation has 
obscured interpretation of experimental 
results. Evaporation of metals in high 
~yacuum onto carefully selected sub- 
strates under ideal conditions for pre- 
ferred orientation appears suited to the 
preparation of flat, oxide-free, oriented 
films for surface reaction studies. Many 
factors influence their structure and 
some understanding of the mechanism 
of their formation is a necessary pre- 
requisite for obtaining satisfactory sur- 
faces for study. The dominant factors 
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FIG 1—Vacuum evaporator. 
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in defining film structure are film thick- 
ness and growth rate and the nature, 
condition, and temperature of the 
substrate. 
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11. Purified Gases 

12. Holding Pumps 

13. High Capacity Diffusion Pump 
14. Shock Mount 

15. 200 lb Weights 

16. Thermocouple Pressure Gauge 
17. Ionization Gauge 

18. Temperature Controller 

19. Electronic Heater 

20. Electrical Ground 


Procedure 


GENERAL ASSEMBLY 


The system was enclosed in an 18 in. 
bell jar which rested on an L-shaped 
neoprene gasket on a ground steel plate 
as indicated in Fig 1. Rapid evacuation 
of the system to 10-* mm mercury was 
facilitated by a 4 in. manifold, 2 in. 
packless valve, and an extra large dif- 
fusion pump. Suitable arrangement of 
valves on a secondary manifold readily 
permitted introduction of purified gases 


Metals Transactions, Wol. 185... 371 


into the chamber. Outgassing of the 
entire internal surface in a glow dis- 
charge was greatly expedited by a 5000 
V copper cathode mounted at the top 
of the bell jar. The entire frame was 
carefully shock-mounted to isolate the 
microbalance from building vibration. 
The lead-ins for control and power 
were situated in the steel base. Pres- 
sures from 10 to 10-§ mm mercury 


could be measured and temperatures of 


the substrate and crucible could be in- 
dependently controlled and measured. 
Atmosphere pressure seated the bell 
jar hard on the gasket when the latter 
was evacuated. When it was filled with 
dry nitrogen at one atmosphere it could 
be readily elevated out of reach. 


FORMATION OF THE FILM 


The film was produced by evaporat- 
ing high purity (99.99 pct) aluminum 
from a microcrucible in a good vacuum 
(10-* mm) and condensing it on an 
independently heated substrate. With 
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FIG 2—Electronic heater. 
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a suitable slit system a uniform, con- 
centrated, direct molecular beam re- 
sulted. The arrangement of the source, 
slits, and substrate is indicated by 
items 2 and 1 in Fig 1. 

The substrate (item 1) was mounted 
25 mm above the source in a copper 
frame which held it in place against an 
externally heated copper block. In this 
manner the lower face was exposed to 
the beam and maintained at the de- 
sired temperature by heating from the 
upper face. The temperature was regu- 
lated to one percent by a_propor- 
tionating potentiometer controller. The 
substrate consisted of a square plate of 
an ionic salt approximately 5 mm on 
the side and 1 mm thick. A freshly 
cleaved face was exposed just prior to 
arun. A thermocouple probe in contact 
with the lower face of the substrate 
indicated the film temperatures. Two 
additional platinum probes 2.0 mm 
apart were in contact with the surface. 
The appearance of the first few layers 
of the film was indicated by the sudden 


decrease in resistance measured be- 
tween the probes. 

The source (item 2) of the beam was 
a small tantalum crucible located di- 
rectly below the substrate. The micro- 
crucible held a charge of 100 mgms. 
The inside diameter of the crucible was 
3 mm but the beam was actually 
emitted through a 0.1 mm orifice in a 
tantalum cap placed over the top of 
the microcrucible. The cap prevented — 
splattering and also promoted thermal 
equilibrium of the atoms before they 
were emitted. The charge was out- 
gassed by prefusing in situ before 
evaporating during which time the sub- 
strate was protected by an externally 
manipulated shield. 

The heating of the crucible was very 
satisfactorily effected by an arrange- 
ment for direct electron heating indi- 
cated in Fig 2. The crucible is shown 
with the lid off as item 1. Electrons 
emitted from an incandescent 30 mil 
tungsten filament (item 2) around the 
crucible are accelerated by a positive 
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FIG 3—Quartz torsion microbalance. 
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FIG 4—X ray vacuum camera. 
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1. End Plates 11. Rotor Vacuum Seal 

2. Film Case 12. Lead Glass Window 

3. Entrance Beam 13. Vacuum Outlet 

4. Beryllium Window 14, Plate Nuts 

5. Pin Holes 15. Motor 

6. Specimen 16. Track Clamp 

7. Lucite Spacer 17. Exit Beam 

8. Lock-nut 18. Neoprene Gaskets 

9. Rotor Assembly 19. Axle of Specimen Rotation 
10. Drive Wheel Shaft 


potential towards it. A tantalum shield 
(item 3) around the assembly reduced 
heat losses and another tantalum lid 
_ (item 4) shielded the substrate from 
_ direct exposure to the filament. The 
_ temperature of the microcrucible could 
be accurately adjusted and maintained 
at any temperature up to 1500°C 
; within 2-3 pct by regulating the fila- 
ment emission and the accelerating po- 
- tential. This high fidelity temperature 
- control is necessary in the determina- 
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Ma 


tion of the substrate temperature con- 
densation-pressure relationship for 
various substrates. The substrate was 
tied in at the same potential as the 
crucible to eliminate the possibility 
that metal ions formed in or around the 
crucible may be spuriously accelerated 
towards the substrate. 

The critical vapor pressure for con- 
densation on a given substrate at a 
given temperature could be deter- 
mined as follows: In this measurement 


the crucible temperature was slowly 
increased until the rate of evaporation 
of the aluminum was just enough to 
cause condensation on the substrate 
for a given base temperature. The rapid 
decrease in the film resistance between 
the probes was used to indicate the for- 
mation of the initial layer. The process 
was reversible, that is, a small increase 
in base temperature for a critical pres- 
sure caused the film to evaporate. The 
microcrucible could be readily removed 
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FIG 5—X ray pattern. 


from the crucible electrode (item 6) for 
replacement and the position could be 
lined up easily by adjusting the eccen- 
tric at the base. The crucible tempera- 
ture was measured by a chromel-alumel 
thermocouple mounted in the bottom. 


DETERMINATION OF FILM 
THICKNESS 


The condensation rate for a given 
crucible and substrate temperature was 
determined by weighing in situ a thin 
glass slide hanging on a quartz fibre 
over the molecular beam as indicated 
in Fig 3. A sensitive quartz torsion 
microbalance facilitated accurate and 
quick measurements in vacuum. The 
torsion fibre was rotated by magnetic 
coupling through the glass wall. The 
sensitivity of the weighing was 10-° gm 
with a 23 mu. quartz torsion fibre (item 
5). The thickness corresponding to 
weight increments was calculated for 
a constant area assuming the film to be 
flat and continuous and the film den- 
sity to be comparable to the mass den- 
sity. A microgram corresponded to a 
hundred angstroms thick layer of 
aluminum for the film area used. The 
condensation rates for various sub- 
strate and crucible temperatures were 
calibrated in this manner. 


EXAMINATION OF THE FILM 
Metallography 


Upon completion of the run the sub- 
strate was cooled in situ and removed 
for examination. Reflectivity of the sur- 
face varied from very mirror-like to 
cloudy as the film thickness and sub- 
strate temperature increased. Metallo- 
graphic examination of the samples was 
considerably hampered by their fragil- 
ity. In the cases where it was possible to 
observe grains without destroying the 
film the average grain size was 2000 to 
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5000 A for a film of the same thickness. 


X ray Diffraction 


The structure was determined with 
X ray diffraction using a surface re- 
flection pin-hole technique in a vacuum 
camera as indicated in Fig 4. A Picker- 
Waite diffraction unit was used with a 
water-cooled chromium target. The 
exposure time varied from 2 to 15 hr 
for film thicknesses from 5000 to 500 A 
with an accelerating potential of 50 ky 
and a space current of 10 milliamp. 
The sample (item 6) was.anchored flat 
on the turntable (item 7) and rotated 
around an axis (item 19) normal to the 
surface of the sample. The axis of rota- 
tion was inclined away from the inci- 
dent beam an amount corresponding to 
the Bragg angle for reflection from the 
plane of preferred orientation. The 
camera was particularly designed to 
suit the geometry and _ orientation 
unique to the samples studied. The 
simplicity of the film patterns indicated 
in Fig 5a and 5b clearly shows the 
advantage obtained. Preferred orienta- 
tion is characterized by segmentation 
of the lines into local marks as shown 
by the heavy marks of 5° length on the 
dashed reflection lines in Fig 5b. The 
vertical distance from the center line 
measures the orientation azimuths 
characteristic of a preferred orientation. 
The value of the orientation azimuth 
(#) can be calculated for any preferred 
orientation, !¢ 
COS p 

= cos # sin 6 + sin 8 cos 6 cos ¢ [1] 

p = angle between oriented plane 

and reflecting plane. 

8 = angle between normal to ori- 

ented plane and incident beam. 

6 = Bragg angle for reflection from 

reflecting plane. 

¢@ = orientation azimuth for oriented 

plane. 


The values of ¢ calculated for re- 
flection of K, and Kg chromium radia- 
tion from the (111), (200), (220) and 
(311) planes of aluminum for (111), 
(100) or (110) orientation are listed in 
Table 1. The kind of orientation can be 
readily determined from the pattern 
defined by the characteristic values of 
o. A semi-quantitative value for the 
degree of orientation with a maximum 
error of 10 pct in this determination can 
be obtained by measuring the opaque- 
ness of the spot relative to the inte- 
grated opaqueness of the whole line 
with a Leeds and Northrup recording 
microphotometer. The error is intro- 
duced by the assumption that the 
intensity at any one spot on the film 
is linearly proportional to the amount 
of radiation reflected to that point and 
the dependence is the same for all 
azimuth angles. 


Table 1. . . Bragg Angles and Ori- 
entation Azimuths Chromium 
Radiation on Aluminum 


Orientation Azimuths 
Radi-| Je 
ation flect- | Bragg 
Oe ing Angles 
Plane (111) (110) |} (100) 
a (111) 29.5 | 0, 83 41,109 | 64 
B (111) 26.8 | 0, 80 39,105 | 62 
a (200) 34.7 | 68 55,119] 0,119 
B (200) 31.0 | 65 53, 111] 0,111 
a (220) 54.4 | 63 0,118 | 82 
B (220) 47.0 | 52 , 94 68 
a (311) 70.0 | 95, —- 104 89 
B (311) 59.2 | 58, 142 | 63 50 


Orientation Results 


GENERAL 


A quantitative dependence of degree 
of preferred orientation on film thick- 
ness and substrate temperatures was 
found over a considerable range of 
thickness and temperature for eleven 
aluminum-substrate pairs. It was neces- 
sary, however, to make a preliminary 
evaluation of four other factors suffi- 
ciently well so as to minimize their — 
influence. The pertinent results of the 
preliminary survey are herewith pre- 
sented in condensed form as a back- 
ground against which the significance 
of the quantitative aspects can be con- 
sidered more intelligently. 


Film Growth Rate 


Foremost is the important influence 
of film growth rate on structure. Since 
the experimental system was not propi- 
tiously suited for studying this aspect 
it was maintained at a constant value 
in all experiments. The evaporation 
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rate was adjusted for each substrate 
temperature corresponding to an effec- 
tive film growth rate of ten to thirty 
monolayers of aluminum per second. In 
' the case of the binding energy determi- 
nations, however, the film growth rate iz 
was not controlled since it was desired poe oe 
only to determine the condition for 75 
minimum condensation. 


FIG 7—Orientation and film thickness. 
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cool by radiation in a vacuum. Anneal- 
ing a randomly oriented film at ele- 
vated temperatures (up to 600°C) in 
helium resulted only in grain growth. 
Likewise oriented structures were not 
markedly altered by annealing under ) 
similar conditions. This temperature 
_ stability of the structures is in contrast 
to the temperature sensitive orienta- 
tions of thinner aluminum films (ca. 400 
A) previously reported.? 
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seiTeaspieere Lip ects always obtained with freshly cleaved 
ionic surfaces whose lattices had an 
arrangement of ions, the geometry and 


dimensions of which showed a certain 


tion as reported by others for thinner 


The influence of gases present even films.’ 


at 10-6 mm pressure was also con- 
sidered. The pressure of purified 


Substrate Condition 


Z quantities of helium, oxygen, nitrogen 
and hydrogen at low pressures (10-4 


The contamination of the substrate 
surface itself by the gases previously 
listed was not considered to be critical. 


correlation to that of aluminum. The 
limited number of such salts empha- 
sized the preparation of oriented sub- 


mm) decreased the orientation to a 
_ relatively small extent. The effect was 
_ not unique to any one gas or substrate 
and appeared solely to hamper the 
- steady evolution of aluminum vapor. 
In no case was a gas such as helium 
_ observed to improve the film orienta- 
ime a Phe 


strates by other means. Even after 
repeated polishing, etching, and anneal- 
ing, use of NaCl and LiF surfaces ob- 
tained in this manner was only 
moderately successful. Successful tech- 
niques for exposing any desired sub- 


Oriented films could be formed on 
freshly cleaved rock salt which had 
been preheated in oxygen and hydrogen 
atmospheres. In all cases, however, the 
cleanliness of the substrate was a criti- 
cal requirement and best results were 
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strate orientation in a suitably clean 
and flat condition would be most use- 
ful for future studies. 


SPECIFIC FACTORS 
Film Thickness 


Initial studies made it evident that 
degree of orientation was very thick- 
ness dependent for all film-substrate 
pairs. This characteristic will be de- 
scribed first since it depended only on 
temperature and film thickness and 
was general to all substrates. The per- 
cent orientation for films on the (100) 
face of rock salt for various thicknesses 
and base temperatures are plotted in 
Fig 6 as an illustration. An exponential 
dependence of orientation on film 
thickness was observed, and the data 
plotted in Fig 7 indicate a typical case. 
It is interesting to note that a critical 
film thickness for perfect orientation at 
each temperature is suggested by ex- 
trapolation of the straight line to small 
film thicknesses. A striking tempera- 
ture dependence is also indicated by the 
distinctly small slope of curve 2 com- 
pared to curve 3 in Fig 7. The validity 
of a strong base temperature-depend- 
ence for maximum orientation is also 
indicated in Fig 8 for a variety of film- 
substrate pairs. Discussion of the 
temperature dependence is, however, 
temporarily postponed until right after 
the discussion of the thickness effect. 

The thickness dependence may mean 
that the oriented arrangement is con- 
stant at all points in the film and merely 
decreases as the film thickens. It seems 
more reasonable to assume that the 
orientation is strongly dependent on 
the substrate and produces an orienta- 
tion large at the inner film surface and 
decreasing towards the outer film sur- 
face. The latter possibility is in 
agreement with the surface reflection 
characteristics of X rays. In this case a 
disproportionately large fraction of the 


radiation producing the pin-hole pat- | 


tern is reflected from the outer planes 
of the film. A quantitative illustration 
of this can be presented by calculating 
the intensity of radiation reflected from 
successive layers of metal atoms as 
follows. The intensity (J,) reflected 
from a thickness (f) relative to the in- 
tensity (I4) reflected from an infinitely 
thick film can be expressed: 


z= pa 2] 
a rf lcd! 
where, y= nine *05)°() [3] 
576)... Metals TranactionsyeWV olln1.85 


Neglecting the scattering of the ray 
after it has emerged from the sample, 
T, is the final intensity, J; the intensity, 
upon reflection from a diffraction vol- 
ume element at a depth, (¢), below the 
surface, and I is the incident intensity 
before entering the sample. The term 


(=) is a linear expression of the total 


distance traveled in the sample when 
the ray penetrates a depth, (¢), and 
undergoes a Bragg angle reflection. The 
other symbols are, 
k = efficiency constant < unity 
I, = initial intensity of incident 


beam 
(5) 


p = film density 

d = interplanar distance of ori- 
ented planes 

t = film thickness penetrated 

\ = wavelength of X ray radia- 
tion. 


= mass absorption coefficient 


I : 
Values of T, for a limiting thickness 


of 5 X 105 A have been calculated from 
Eq 2 for successive depths of penetra- 
tion into the sampie. The amount of 
radiation from each layer characterizes 
the degree of orientation in that layer 
and the over-all variation of apparent 
orientation with film thickness indi- 
cates the decrease of average orienta- 
tion with increasing film thickness. The 
calculations were made for the K, radia- 
tion from a chromium target diffracted 
by the (100) oriented planes of alumi- 
num. The results in Table 4 are pre- 
sented: Column 1, depth of penetration 
(A); Column 2, thickness penetrated 
relative to limiting thickness, and Col- 
umn 3, the corresponding percent in- 
tensity for that thickness penetrated 
over the total radiation recorded on the 
film. 

Although the pin-hole pattern is an 
integrated effect of orientation through 
the entire layer, it is obvious that the 
pattern is a weighted average heavily 
in favor of the extreme surface. For 
example, with a chromium target twice 
as much radiation is reflected from the 
outer half thickness than from the inner 
half thickness of an aluminum film 5000 
A thick. Hence, in the film thickness 
study the orientation of the outer sur- 
face was essentially observed. The 
orientation is greatest in the region 
nearest to the substrate-film interface. 


Substrate Temperature 


A base temperature dependence in 
which orientation of the film increased 
rapidly at some characteristic tem- 


perature for each substrate illustrated 
in Fig 8 was typical of all substrates. 
The less the maximum orientation, 
however, the smaller the dependence 
on the characteristic temperature. This 
is illustrated by the contrast in the 
curves for (100) orientation on rock 
salt and glass. The temperature de- 
pendence may mean that the metal 
atoms must possess a minimum kinetic 
energy corresponding to the observed 
temperature for maximum orientation 
for them to take up the preferred posi- 
tions suggested by the substrate. The 
transition of a (110) orientation of the 
film on mica at low temperatures to a 
(111) orientation at higher tempera- 
tures indicates that a higher minimum 
mobility is required for formation of 
the second configuration. In all cases 
the rate at which orientation increased 
with base temperature as well as the 
maximum value it approached was 
typical of the substrate. It indicates 
that production of ordered arrange- 
ments is governed not only by the inter- 
action of the substrate and metal but 
by a relatively slow temperature de- 
pendent surface diffusion process as 
well. Calculation of activation energies 
for orientation seems premature until 
the mechanism of arrangement is better 
defined. The characteristic values of 
base temperature and maximum ob- 
served orientation are plotted in Fig 
8 for rock salt, mica, and glass, and 
listed for eleven substrates in columns 
2 and 4 of Table 2. 

Experimental data for mica in the 
temperature region intermediate be- 
tween the (110) and (111) orientations 
were inconclusive. It is noteworthy 
that the most oriented configurations 
corresponded to the higher tempera- 
tures. This characteristic is a general 
one for all the substrates studied. It is 
illustrated by the dashed curve in Fig 
8 in which the orientation temperature 
as abcissa is plotted against the sub- 
strate binding energy as ordinate on the 
right. The substrate binding energy, — 
heretofore undefined, is described in a 
subsequent section and shown to be 
proportional to the percent of the ob- 
served film orientation. 


Nature of Substrate 


From the facts presented so far it 
seems clear that the nature and degree 
of the observed orientation was criti- 
cally dependent on the substrate. This 
dependence held in general for all the 
substrates studied. In every case there 
was a correlation of some kind between 
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FIG 9a2—A\ luminum-glass random orientation (10,000 A). 
FIG 9b—Aluminum—{100) sodium chloride 80 pct (100) orientation (1200 A). 
FIG 9c—Aluminum—({111) mica 87 pct (111) orientation (1300 A). 
FIG 9d—Aluminum-glass 10 pct (100) orientation (1000 A). 


the geometry and dimensions of the 
underlying lattice and that plane of 
aluminum preferentially oriented par- 
allel to it. For example, the (100) face 
of aluminum was the only orientation 
observed on the (100) face of the 
alkali halide substrates. Similarly the 
(111) planes of aluminum tended to be 
preferentially oriented parallel to sub- 
strates with hexagonal cleavage or 
hexagonal-polished faces, providing the 
base temperature and film thickness 
were favorable. In other cases (110) 
orientation was observed to occur on 
(110) oriented substrates. This is not a 
general effect, however, since cases 
occur where substrates stabilize pre- 
ferred film orientations other than their 
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own, but in most cases that orientation 
of aluminum occurred for which the 
geometry and spacing of the metal 
atoms yielded the best fit on the sub- 
strate. The data are summarized in 


columns 1, 2, 3, 4 of Table 2 in order of 
decreasing orientation. The direction of 
orientation in the film listed in the third 
column is the same as that of the sub- 
strate for the first seven items. A small 


Table 2... . Structure Characteristics of Thin Aluminum Films 

Sub- coe Direct. Pct Pressure A A A-A Ec 

strate OC. , Orient. Orient. | X 104 cm Hg | ke per m| ke per m ke per m | ke per m 
mica 600 {111] 87 0.007 42 20 22 22 
mica 450 {110] 75 1.52 28 10 18 20 
NaCl 350 100} 80 0.003 31 15 16 18 
NaCl 350 110] 50 0.024 21 10 11 12 
LiF 400 111 55 0.022 33 20 13 10 
LiF 300 “i 50 0.012 25 15 10 10 
CaCO; 300 Ha 15 012 25 20 5 5 
Glass 400 {100} 10 6000 15 15 0 
CaF: 300 {111] 10 769 20 20 0 2 
ZoS 300 {111} 10 700 21 20 1 4 
Sodalite 300 {111] 10 700 21 20 1 2 
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FIG 10—A\luminum unit cell. 
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LATTICE PARAMETERS (A) 


Al. NaCl LiF 
(100) a. 2.85 2.83 2.84 
(tl) b. 2.85 3.98 2.84 
(110) c. 4.04 3.98 4.01 
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FIG 11—A\lkali halide unit cell. 


orientation was observed on_ glass 
which, of course, possesses no definable 
surface arrangement. The small degree 
of orientation on fluorite was barely 
measurable. The (111) orientation on 
zinc blende and sodalite was also very 
small. The last two substrates possess 
cubic lattices with good (110) cleavage 
faces and are examples of film orienta- 
tion differing from that of the substrate. 

Some typical surface reflection X ray 
film patterns are illustrated in Fig 4. 
The interpretation is handicapped by 
the poor contrast of the aluminum lines, 
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the strong and complex pattern caused 
by reflection from the substrate, 
and the poor reproduction, but the 
over-all pattern analysis is quantita- 
tively unique for each orientation. 
Continuous reflection from all the low 
indices reflection planes indicate com- 
plete randomness in Fig 9a. The 
sharply defined orientation of a (100) 
aluminum film on rock salt is illustrated 
in Fig 9b. Fig 9c is greatly compli- 
cated by the mica pattern but arrows 
indicate the discrete aluminum reflec- 
tions corresponding to (111) orienta- 


tion. A poorly oriented film on glass 
tending towards (100) orientation is 
included for comparison (Fig 9d). 


Discussion of Results 


GEOMETRIC CONSIDERATIONS 


The good correlation between sub- 
strate and film orientation is in accord 
with the excellent matching between 
the oriented aluminum plane and the 
geometry and dimensions of the surface 
lattice upon which it forms. Similar re- 
sults have been reported for thinner 
films.® The striking geometric kinship 
between the three low indices planar 
arrangements: (100), (110), (111), of 
aluminum in Fig 10 and the geometry 
of the corresponding planes in sodium 
chloride and lithium fluoride in Fig 11 
suggests that such correspondence be- 
tween film and substrate promotes a 
related orientation in the former. This 
hypothesis is suggested by the table of 
lattice distances summarized in Fig 11. 
They agree within a few percent in each 
case except for the (111) sodium chlo- 
ride face, for which the lattice spacing 
is 40 pct greater than the corresponding 
spacing in the (111) aluminum plane. 
It is doubtful whether this correlation 
is generally essential for substrate- 
metal interaction but it is significant 
that no (111) orientation of aluminum 
was ever observed on a (111) sodium 
chloride surface. Corresponding orien- 
tations were observed in every other 
case. 

Substrates with hexagonal cleavage 
faces of atomic dimensions correspond- 
ing to the (111) face of aluminum 
yielded (111) oriented aluminum films. 
The fairly complicated surface struc- 
ture of mica accommodated (110) ar- 
rangement of aluminum as well. The 
arrangement of the atoms in the hexag- 
onal cleavage faces of mica, calcite and 
fluorite are drawn to scale in Fig 12. 
The matching of lattice distances was 
poorer than for the cubic face cleavage — 
substrates and the observed degree of 
orientation was also correspondingly 
poorer with the exception of mica. The 
(110) cleavage faces of cubic zinc blende 
and sodalite are not indicated but the 
matching was relatively poor for both — 
substrates and they were unsatisfactory 
as (110) directing surfaces. 

In all cases studied the nature and 
degree of the observed film orientation 
bore a close relationship to the geom- 
etry and dimensions of the underlying 
substrate. It appears that directing 
forces are geometrically distributed on 
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the substrate surfaces in close corre- 
spondence to the atomic distribution 
in the substrate plane. An interpreta- 
tion based on this approach will be dis- 
cussed in the next section. 


CHARACTERIZATION OF 
SUBSTRATE 


In an effort to characterize the sub- 
strates an effect, discovered by Wood® 
and studied by Estermann,’ was used 
in a modified form. When a beam of 
metal vapor is directed at a heated 
substrate, condensation will occur if 
the pressure is sufficiently high or the 
substrate temperature sufficiently low. 
Whether most of the atoms bounce off 
the surface losing none or relatively 
little of their kinetic energy or whether 
they are accommodated on the surface 
depends on the relative values of the 
aforementioned variables plus a third, 
the attraction of the substrate for the 

metal atoms. Since the relationship 
_ between these factors can be quantita- 
tively expressed, the attraction of the 
substrate may be determined providing 
the corresponding pressures and base 
temperatures can be measured. This 
pressure-temperature dependence was 
determined as follows for all the sub- 
strate-metal pairs at those substrate 
temperatures at which maximum orien- 
tation was known to occur in each case. 
The substrate temperature was meas- 
ured with a thermocouple probe on the 
surface. The metal pressure was not 
measured directly but calculated from 
the crucible temperature using the free 
energy of vaporization values for alumi- 
num.’ The minimum vapor pressure 
was accurately determined for each 
base temperature at which condensa- 
tion of the first layers took place. The 
formation of the first layer was indi- 
cated by measuring the sudden drop in 
film resistance between two probes on 
_ the surface. The corresponding values 
_ of pressure and base temperature for a 
group of typical runs are plotted in Fig 
13. The pressure-temperature relation- 
ship can be expressed, 
p= a,e-4/RT [4] 
_ where, 

p = pressure of metal vapor 

constant, insensitive to tem- 


a, = 
; perature 
_ JT = absolute temperature of the 
substrate 
A = an energy term, characteristic 
7 of the film and the substrate. 


The values of a; could be evaluated 
~ from the intercept on the pressure axis 
_of the curves ee in Figs! 13-It is 
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FIG 12—Hexagonal substrates. 
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FIG 13—Condensation temperature and pressure. 


insensitive to the nature of the sub- 
strate and to the base temperature for 
the conditions observed. Hence, it was 
of little use for characterizing the sub- 
strates on a relative basis. It, however, 
includes at least three significant terms 
describing: (1) geometry of the system; 
(2) size of the condensing particles; (3) 
a linear temperature correction. Hence, 


an interpretation of the mechanism of 
condensation would eventually require 
an analysis of a; into its component 
terms. 

The values of A could be readily 
interpolated from the slopes of the 
straight lines plotted in Fig 13. Some 
typical values are listed there in order 
of decreasing magnitude. Correspond- 
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ing values of temperature, pressure, 
and A are more completely listed in 
columns 2, 5 and 6 of Table 2. 

A definite trend of A in Table 2 from 
42 ke per m to 20 ke per m is evident. 
This trend corresponds to decreasing 
observed orientation. It is significant 
that the values of A are smallest for the 
ionic substrates at the end of the table 
for which the orientation was poorer. 
The smaller surface free energy of the 
(111) arrangement corresponds to the 
observation that the A values for (111) 
substrate-film orientations are some- 
what greater than those for (110) and 
(100) orientations for each substrate- 
metal pair. 

An interpretation of A as describing 
the heat of condensation of the first 
layer of metal atoms on the substrate is 
indicated by the temperature depend- 
ence relationship established by the 
straight lines in Fig 13, and by the em- 
pirical findings of Wood and Estermann. 


A theoretical analysis of their work by — 


Semenoff? applied to these results indi- 
cates that 

A=E+4A [5] 
where, 

E = the adhesive energy of binding 
of the metal and substrate 
the energy of binding of the 
aluminum atoms in the first 
layer, that is, the surface energy 
characteristic of the metal film 
itself. 

If the first term is large the substrate 
is likely to influence strongly the forma- 
tion and arrangement of the atoms in 
the first.layer providing the atoms pos- 


A 
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FIG 14—Orientation and substrate. 


sess sufficient mobility to assume those 
positions on the surface of lowest po- 
tential energy. If it is small, relative to 
the second term, that is the adhesive 
forces between metal and substrate are 
negligible compared to the cohesive 
binding between metal atoms, the film 
formation will be relatively independ- 
ent of the substrate and, should any 
orientation occur, it will be that ar- 
rangement for which the surface free 
energy is smallest. Formation of an 
oriented first layer under the first con- 
dition would facilitate the occurrence 
of the same orientation for subsequent 
layers. The degree of observed orienta- 
tion should increase with the value of 
E providing other factors are also fa- 
vorable, that is, mobile atoms and rela- 
tively thin films. Formation of an 
oriented layer under the second condi- 
tion may also occur but the degree of 
orientation will likely be considerably 
less. It is noteworthy that the values 
of A varied from 42 ke per m for alumi- 
num on mica to 15 ke per m for alumi- 
num on glass (column 6, Table 2). In 
the latter case one might consider the 
interaction between the glass and the 
metal to exert a relatively small influ- 
ence on the film structure and the 
measured heat of condensation to cor- 
respond mainly to the cohesive forces 
in the (100) plane of aluminum. Since 
there are about one-third the number 
of bonds in this configuration com- 
pared to that of massive aluminum, the 
surface energy can be roughly approxi- 
mated to be one-third of the molar heat 
of vaporization or 22 ke per m. For this 


30 


crude approximation the order of mag- 
nitude agrees with the experimentally 
determined value measured on an 
amorphous substance like glass. Neg- 
lecting the entropy correction, the 
substrate binding energy for the other 
substrate-metal pairs may be similarly 
approximated by subtracting an energy, 
A, corresponding to the cohesive bind- 
ing energy of the film, from A, the total 
energy of condensation. In view of the 
assumptions involved the values ob- 
tained are speculative but the resulting 
values (£) listed in column 8 of Table 
2 are of the right order of magnitude. 
These approximations compare fa- 
vorably with values calculated on the 
same basis as Van der Waals interac- 
tion. The trend of the experimental 
values of EF is in qualitative accord 
with the trend of observed orientations 
for each metal-substrate pair. This is 
indicated by the data on the maximum 
orientation and the substrate binding 
energies listed in columns 4 and 8 in 
Table 2. The correlation is also evident 
in Fig 14 in which the maximum ob- 
served orientation is plotted as ordinate 
against the substrate binding energy 
as abcissa. The calculated values, 
included for comparison, are now 
discussed. 


VAN DER WAALS INTERACTION 


Understanding of the binding be- 
tween a metal and an ionic surface 
would provide considerable insight as 
to the nature of the metal-substrate 
interaction. A rigorous attempt to de- 
fine the binding is well beyond the scope 
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of this paper, but some speculation in 
this direction seems justified. The 
characteristics of the binding, namely 
its relative magnitude and non-specif- 
icness, suggest the validity of an ap- 
proach based on Van der Waals 
interaction between the first layer of 
metal and the substrate. An analysis 
similar to a certain extent to the calcu- 
lation of heats of adsorption of gases 
physically adsorbed on ionic surfaces 
near the boiling point of the gas seems 
justified. It is obvious that the chief 
distinguishing characteristic between 
metal and physically adsorbed gas 
films, other than the different tempera- 
ture range in which they form is the 
marked importance of the cohesive 
forces in the former case. It is con- 
ceivable nevertheless that a strong 
periodicity in the potential energy sur- 
face of the substrate towards the metal 
atom may be sufficient to start the con- 
densation in a favored direction. The 
energy of Van der Waals binding of 
aluminum on each of the substrates 
was calculated on this basis. 

The Van der Waals interaction be- 
tween non-polar molecules has three 
important constituent parts: (1) the 
attraction between fluctuating dipole 
and induced dipole (dispersion effect), 
varying inversely as the sixth power of 
the distance; (2) the attraction be- 
tween fluctuating quadruple and in- 
duced dipole varying inversely as the 
eighth power of the distance; and (3) 
the repulsion energy decreasing ex- 
ponentially with the distance. A fourth 
constituent part is unique to ionic sur- 
faces: the so-called influence effect. The 
latter is due to the fact that the 
charged ions of the substrate induce a 
dipole moment in the metal atom, 
which results in an attraction between 
the ions and the induced dipole. At the 
equilibrium distances characteristic of 
the metal films, the first of the four 


_ terms is by far the most important. The 
 ealculations were made on an approach 


similar to Orr!® in which he calculated 
heats of physical adsorption of argon 
on potassium chloride. 

The dispersion effect was introduced 


_by*London"! in the calculation of heats 


of adsorption. The dispersion potential 
@, between an atom of metal and an 
ion of the substrate can be written 


Cc 
g¢=-— 


r® 


[6] 


where r is the equilibrium distance and 


_ C, the dispersion constant, is given by 
JJ’ 
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FIG 15—Potential energy surface aluminum on (100) sodium 
chloride. 


where 
a = polarizability of the metal 


a’ = polarizability of the ion 

J = characteristic energy of the 
metal 

J’ = characteristic energy of the ion 


The interaction between an atom and 
the entire surface of the substrate can 
be very simply calculated if one as- 
sumes that the distance between atom 
and ion is not smaller than the dis- 
tance between ions. In this case the 
summation over the ions of the sub- 
strate can be replaced by an integra- 
tion. In the case of alkali halide 
substrates this approximation will 
yield values that are too low by 25 to 
30 pet. For the mutual dispersion en- 
ergy of an infinitely large surface and 
an isolated atom, 
NrC 


Cc 
o=— | SNw = - > [8] 


where N = number of ions per cc, and 


Table 3... . Dispersion Effect. 


dy is the volume element. Substituting 
Kq 6 for the dispersion constant 


[9] 


An exact evaluation from Eq 8 is not 
possible because some of the experi- 
mental data are missing, particularly 
the value of J for aluminum. Neverthe- 
less, to show the order of magnitude 
calculations were made using the first 
ionization potential. The value of N 
for the substrates other than the alkali 
halides was calculated from the density. 
The distance, r, between an ion and an 
aluminum atom was assumed to be 
made up of two parts after London.” 
d; , de 

Weed at [10] 

For d,/2, half the distance between 
ions in the substrate was used and for 
d,/2, half the interplanar distance for 
that plane of aluminum observed to be 


Aluminum on Ionic Substrates 
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preferentially oriented. The identity 
and geometry of the important ions in 
the substrate were not always definitely 
established and a choice had to be 
made in some cases. The ion was 
chosen whose arrangement on the sur- 
face best fitted the observed aluminum 
orientation. For example, the oxygen 
ions were chosen, instead of the silicon 
ions, in mica. The calculated binding 
energy for both is listed in Table 3 for 
comparison. The atomic polarizabilities 
were taken from Van Vleck? if possible, 
or calculated, 
e 

oO  dor’me? 
where w is the characteristic frequency 
of the atom and the other symbols have 
the customary significance. The polar- 
izability and characteristic energies for 
the ions of the alkali halides were taken 
from Mayer’s" analytical treatment of 
the lattice energy characteristics of 
alkali halides. The validity of the physi- 
cal constants in this case warranted 
more extended consideration. A po- 
tential energy surface for the system 
(100) aluminum-sodium chloride was 
constructed after Orr.!5 It is schemati- 
cally represented in Fig 15. The poten- 
tial hole in the center represents a 
position of the aluminum in which the 
potential energy is 7 kc per m lower 
than a position over the cation. The 
position over the anion corresponds to 
the highest potential energy on the 
surface. For this system it is evident 
that the central site is relatively large 
but is deeper by 7 kc per m than the 
next most favorable site and corre- 
sponds to a binding energy of approxi- 
mately 18 ke per m. It is noteworthy 
that the atoms of the (100) aluminum 
plane could be laid over the grid 
formed by the potential energy holes 
with negligible distortion. The calcu- 
lations are summarized in Table 3, in 
which the atom positions, the ionic 
polarizabilities, the characteristic ener- 


[11] 


gies, the dispersion constants and the . 


calculated substrate binding energies 
are tabulated for thirteen substrate- 
metal pairs in columns 1 to 7. 
Considering the approximations in- 
volved in the theory and the uncertain- 
ties in the assumed values of J and r 
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Table 4... . Disproportionate Vari- 
ation of Intensity of Diffracted 
X ray Radiation with Depth 
of Penetration 


(1) (2) (3) 
2 t It 
>, At me 
t (A) Pet % Pet ie 
5 x 102 1 
5 X 108 6 24 
5 X 104 25 93 
1 X 105 50 76 
5 X 105 100 100 


one cannot expect, in general, more 
than an agreement in the order of mag- 
nitude between calculated and experi- 
mental values. The calculated values 
(F.) in column 9, Table 2, should be 
evaluated on that basis. It is considered 
fortuitous that the calculated values 
other than for the alkali halides agree 
as well as they do with the experi- 
mental values (column 8). It is sig- 
nificant, however, that the highest 
values correspond to the substrates 
upon which the best oriented aluminum 
films were formed and that the trend 
definitely agrees with that characteris- 
tic of the percent orientation for all 
eleven substrates and with the indi- 
rectly determined substrate binding 
energies. 

It is evident that the periodicity of 
the potential energy surface of the sub- 
strate-atom pair is a very important 
factor in defining the arrangement of 
the metal atoms. 


Conelusion 


The structure of thin aluminum films 
condensed in vacuum on clean ionic 
substrates is strongly influenced by the 
nature, geometry and temperature of 
the ions in the base. The degree of ori- 
entation of the film with respect to the 
base can be semiquantitatively corre- 
lated with a binding energy characteris- 
tic of the substrate. The values of the 
substrate binding energy are of the 
same order of magnitude as Van der 
Waals binding between a single atom 
and an infinite ionic surface. The char- 
acteristics of the film structures show 
this method to be effective for the 
preparation of oxide-free oriented alu- 


minum surfaces for studying surface 
reactions. 
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P-type and N-type Silicon and the 
Formation of the Photovoltaie 
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The microwave region of the radio 
spectrum was effectively utilized in 
radar designs during the recent war 
and it has become of increasing interest 
in the field of communications. Work 
in this field has led to an important 
use for silicon—that of the point con- 
tact rectifierst in the frequency con- 
'yerter of microwave (radar or radio) 
receivers—and has stimulated con- 
siderable interest in the electrical 
properties and preparation of silicon 
and its alloys. 

Silicon is an electronic semiconduc- 
tor. Its conductivity at room tem- 
perature results principally from the 
presence of certain impurities. While 
for metals an increase in impurity con- 
tent increases the resistivity, for semi- 
conductors such as silicon the opposite 
occurs and, in general, the addition of 
impurities lowers the resistivity. Silicon 
materials may be classified into one of 
two groups depending upon the manner 
in which the impurities contribute to 
electrical properties. These have been 
termed for convenience p-type or 
n-type. P-type silicon develops a very 
large positive thermal emf against 
metals, has a Hall coefficient of posi- 
tive sign and a low resistance direction 
in point contact rectification with the 
silicon positive with respect to the 
point. N-type silicon, on the other 
hand, develops a negative thermal emf 
against metals, has a Hall coefficient 
of negative sign and a low resistance 
direction in rectification with the sili- 
‘con negative with respect to the point. 
Impurities which produce n-type sili- 
eon are called donors inasmuch as 
these elements contribute to electrical 
conductivity by donating electrons to 
an unfilled energy band in the silicon. 
On the other hand, elements which 
produce p-type silicon are known as 
acceptors as these impurities con- 
tribute to the electrical conductivity 
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by accepting electrons from a filled 
energy band permitting what is known 
as conductivity by ‘‘holes” in which 
the sign of the carriers appears to be 
positive. A general treatment of the 
mechanism of conduction in semicon- 
ductors from the viewpoint of modern 
band theory has been given recently 
by Pearson,? by Becker, Green and 
Pearson,’ and by Torrey and Whitmer. 

In this investigation boron and alu- 
minum have been found to be ac- 
ceptors, and phosphorus, arsenic, and 
antimony to be donors in silicon. Data 
on the effect of boron and phosphorus 
on the electrical properties, when pres- 
ent singly and in combination, have 
been acquired. These data are discussed 
in the present paper. 


Raw Materials Used and 
Methods for Adding Second 
Constituents 


Silicon from two sources was used in 
this work and these will be referred to 
as A and B respectively. Silicon A is a 
material of high purity supplied by the 
Electro Metallurgical Co. It is prepared 
by chemical purification of “‘commer- 
cial”? silicon obtained from the arc 
furnace reduction of SiO». It contains 
99.8 pct silicon, minimum, with small 
amounts of calcium, iron, aluminum, 
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of a semiconductor. 

1 References are at the end of the 


paper. 


boron, and phosphorus as the principal 
impurities. This material was exten- 
sively employed in these studies as 
well as in the commercial preparation 
of rectifier materials. Silicon B is a 
material of high purity from the du- 
Pont Co. It is prepared by a pyrolytic 
reduction of SiCl, and is free of ana- 
lytically detectable amounts of boron 
and phosphorus. Its use permitted 
study of the effect of boron and phos- 
phorus individually on the properties. 
This material contains, however, spec- 
troscopic traces of a number of metals, 
some of which affect electrical and 
rectification properties. 

Typical analyses for the two grades 
of silicon are given in Table 1. 


Table 1... Analyses of Silicon 
Used in Point Contact Rectifier 


Investigations 
Silicon At Silicon B 

Si 99.84 
Ca 0.003 0.005* 
Na 0.005* 
Cu 0.001* 
Mg 0.007 0.001* 
Mn 0.002 0.001* 
Al 0.020 Not detected 
Fe 0.031 0.03* 
Gi 0.019 
(6) 0.061 
H 0.001 
N 0.008 
P 0.011 Not detected 
B 0.005 Not detected 


* These are estimated upper limits as deter- 
mined by spectrographic methods. 

+ Analysis furnished through the courtesy of 
Mr. E. F. Doom, Union Carbide and Carbon 
Research Laboratories, Inc. 


To make controlled additions of 
boron to the charge it was necessary 
to employ a low boron content master 
alloy since the quantity of boron to be 
added was usually only a few thou- 
sandths of one percent. The alloy con- 
taining nominally one percent boron 
was prepared by melting chemically 
pure boron with silicon A using the 
melting techniques for 320 g silicon 
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FIG 1a—Silicon ingot preparation. 
Silicon granules and crucible arrangement in background. Ingot and ingot sections in 
foreground. 


ingots to be described in the next sec- 
tion. This alloy was crushed in a 
hardened steel die, ground to a fine 
powder in an agate mortar, thoroughly 
mixed and analyzed for boron. Portions 
of this master alloy were then used in 
preparing the experimental ingots. 

Direct additions of phosphorus were 
not feasible because of its low melting 
point and volatility. Instead use was 
made of the reaction: 
2Ca3z(PO.4)2 a 5 Si 

= 6Ca0 + 4P +5 SiO, 

When this method was used, spectro- 
chemical analysis revealed that no cal- 
cium was retained by the silicon. 
Apparently also, calcium oxide formed 
by the reaction does not affect the 
properties, for the direct addition of 
calcium oxide to silicon ingots caused 
no changes im either rectifying charac- 
teristics or resistivity. | 

Additions of aluminum, arsenic and 
antimony for the qualitative tests de- 
scribed were made by adding these ele- 
ments directly to the furnace charge. 


PREPARATION OF SILICON INGOTS 


The ingots of silicon were prepared 
in silica crucibles in an atmosphere of 
helium in a high frequency induction 
furnace. Since silicon cannot be heated 
by direct induction, a graphite heater 
which fitted around the melting cruci- 
ble was used. Most of the early work 
was done with 45 g ingots. In preparing 
the ingot the charge was fused and then 
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FIG 1b—Longitudinal section of 320 gram 


slowly cooled by reducing the power 
applied to the induction coil. Freezing 
occurred largely from the top surface 
downward and to a lesser extent in- 
ward from the sides and upward from 
the bottom. During freezing, normal 
impurity segregation occurred. That is, 
the silicon at the top of the ingot was 
highest and that at the core of the 
melt was lowest in purity. 

It was difficult to produce crack-free 
ingots by this method because of the 
expansion of silicon during solidifica- 
tion. If a mass of silicon is allowed to 
freeze in the normal manner, in the 
final stages of freezing a liquid core 
will be surrounded by a solid shell 
which may be easily ruptured by the 
expansion of the freezing liquid. By 
changes in solidification technique, 
however, means were found for pre- 
paring 320 g ingots free of cracks 
throughout the major part of the ingot. 
Such ingots were prepared in cylindri- 
cal silica crucibles of 134 in. diam 
and 5 in. tall. Melting was accom- 
plished in the same manner as for the 
smaller charges, using graphite heaters, 
but freezing was controlled by gradu- 
ally removing the furnace tube from 
the induction coil while power was still 
applied to the coil. Thus the top of 
the melt froze first, and solidification 
progressed slowly downward, the total 
time for solidification being about 20 
min. This not only avoided cracking 


silicon ingot. 


but gave precise control over impurity 
distribution in the ingot. Due to seg- 
regation of impurities, the silicon at 
the top of the ingot had the highest 
purity, while the last material to freeze, 
at the bottom portion of the ingot, had 
the lowest purity. Fig la shows the 
crucible assembly, a typical 320 g sili- 
con ingot and several sections cut from 
an ingot. The macrostructure of the 
ingot is shown in the longitudinal sec- 
tion, Fig 1b. 


ELECTRICAL CHARACTERISTICS 
AND STRUCTURAL FEATURES OF 
THE EARLY SILICON INGOTS 


The early ingots (45 g) prepared 
from selected lots of silicon A were 
found to consist of zones of p-type and 
n-type separated by a_ photovoltaic 
barrier. The p-type zone was located 
in the region of the ingot which solidi- 
fied first while the n-type zone was 
located in the region of the ingot which 
solidified last. The macrostructure of 
the ingots is illustrated in the diagram, 
Fig 2. Relatively large columnar crys- 
tals extend downward from the top 
surface of the ingot to a depth of about 
one-half inch. Columnar grains are also 
found extending inward from the sides 
and upward from the bottom for about 
one-eighth inch. Beyond the columnar 
grains irregular grains are found with a 
network of a second phase in the grain 
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boundaries. The central portion of the 
ingot is porous presumably as a result 
of gas evolution in the last stages of 
solidification. The outer part of the 
columnar zone is p-type, the inner part 
n-type. The central portion of the 
ingot, containing the irregular grains 
is also n-type. The boundary between 
the p- and n-zones is approximately 
1 mm in width and extends across the 
columnar grains, following in general 
the contour of the ingot surface. Since 
solidification occurred not only from 
the top surface downward but also to 
some extent inward from the bottom 
and sides of the crucible, the boundary 
is elliptical in cross-section and en- 
closes the n-zone. It is evident that 
the boundary follows the contour of 
the freezing surface as it advanced 
during solidification. In the 320 g 
ingots similar effects are observed. 
However, in this case the solidification 
of the melt is substantially unidirec- 
tional, progressing from the top surface 
downward. The boundary then extends 
across the ingot and the portion of the 
ingot above it is p-type and below it 
is n-type. 

If ingots are rapidly cooled by shut- 
ting off the power in the induction coil 
when the charge has melted, the re- 
sulting macrostructure is quite differ- 
ent. The crystallites are no longer 
columnar but are quite irregular in 
shape. In each grain an island of p-type 
is found within a matrix of n-type. The 
p- and n-zones are again separated by 
a barrier layer, but the photovoltages 
developed are lower than those for the 
barriers of the slowly cooled ingots. 
The structures of both the rapidly and 
slowly cooled ingots may be resolved 
microscopically and are discussed in a 
companion paper.® 

Photovoltaic cells may be prepared 
from the slowly cooled ingots by cut- 
ting samples so that one part is p-type, 
the other n-type separated by the 
barrier. Such cells are sensitive both 
to visual and infra-red radiation. They 
are quite stable and have shown no 


- change in characteristics over a period 


~<A Fe A 


fi 
= 
4 


of several years. Moreover, the effect 
persists even after annealing at 1000°C 
for a number of hours. 

Associated with the internal photo- 
voltaic boundary are two related effects 


_ of interest. Specimens containing these 


boundaries show both a rectification 
effect and a pronounced thermoelectric 
effect. The rectification effect is similar 
to that obtained in copper oxide or 


selenium cells. In specimens containing 


these internal boundaries rectification 
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FIG 2—Schematic representation of 45 gram silicon ingot showing barrier. 


ratios above 500 at 1 volt have been 
obtained. Similar rectification and 
photovoltaic effects in germanium 
have been reported by Benzer.’ 

Measurement of the resistivity of 
the silicon at different positions in the 
ingots containing p-n boundaries re- 
vealed an _ interesting relationship. 
Since increasing the concentration of 
impurities in semiconductors decreases 
the resistivity and since chemical 
analysis had shown the segregation of 
impurities in the ingots to be normal 
it was expected that the resistivity 
would decrease steadily from a high 
value for the material which solidified 
first to a lower value for the material 
which solidified last. Instead it was 
observed that in the p-region the re- 
sistivity was least for the first frozen 
material and that it increased with 
depth to a high value at the barrier. 
In the n-region the resistivity was 
highest near the barrier and then de- 
creased with distance from the barrier 
reaching its lowest value in the region 
of the ingot which solidified last. The 
yariation in resistivity in the p- and 
n-zones of a 320 g ingot is shown in 
Curve 1, Fig 3, which will be discussed 
at a later point in the paper. 

Several other significant facts were 
observed in the early studies. For a 
given lot of silicon A the location of 
the barrier and the relative amounts 
of p- and n-silicon were precisely re- 
produced from ingot to ingot but differ- 
ences were obtained between lots. The 
mean resistivity in the p-silicon was 
also related to the location of the 
barrier and in general it decreased as 
the amount of p-silicon in the ingot 


increased. This clearly indicated the 
important role of impurities in deter- 
mining properties and led to a detailed 
study of the electrical properties of 
silicon containing different alloying 
constituents in trace amounts. 


EFFECT OF BORON ON THE 
RESISTIVITY AND RECTIFICATION 
CHARACTERISTICS OF SILICON 


To obtain quantitative data on the 
effect of boron on resistivity and the 
rectification properties ingots were 
made with boron additions ranging 
from 0 to 0.01 pct. These ingots were 
prepared using 320 g charges of silicon 
A mixed with appropriate quantities of 
the silicon-boron master alloy. The re- 
sistivity measurements were made on 
rectangular specimens, approximately 
1x xX in. in size. These were 
cut from the ingots so that the long 
axis was parallel to the top surface of 
the ingot. Current leads were affixed 
to the ends of the specimen by electro- 
plating with nickel and soldering. The 
potential drop across probes on the sur- 
face of the specimen was then deter- 
mined for small known currents by a 
potentiometric method. From these 
data, the dimensions of the sample and 
the distance between probes, the re- 
sistivity may be calculated. The sign 
of rectification, that is, whether the 
silicon was p- or n-type, was deter- 
mined by applying a point contact to 
the surface of the specimen and ob- 
serving the polarity for the easy direc- 
tion of current flow. 

The resistivities of the central sec- 
tions of the specimens were determined 
for a number of vertical positions in 
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FIG 3—Effect of boron additions on the electrical properties of silicon A. 


each ingot. Resistivity measurements 
in the n-region were possible, however, 
only for the initial sample in the series 
to which no boron was added. In the 
other ingots the n-region was too re- 
stricted in size to permit several points 
to be obtained. 

These data are plotted in Fig 3. It 
will be seen that within this compo- 
sition range increasing the concentra- 
tion of boron in silicon A has three 
significant effects: 1. It increases the 
amount of p-silicon and lowers the po- 
sition of the barrier (Curves 1, 2 
and 3); if sufficient boron is added 
only p-type is formed (Curve 4). 2. It 
lowers the mean resistivity of the sili- 
con. 3. It increases the uniformity of 
resistivity for a considerable part of 
the material in the ingot and for the 
0.01 pet boron addition substantially 
no variation is observed throughout 
the ingot (Curve 4). 

In the preparation of silicon point 
contact rectifiers the uniformity of the 
finished rectifiers is determined to a 
considerable extent by the uniformity 
of resistivity of the silicon used. It was 
desirable for this reason to attain the 
uniformity of the 0.01 pct boron com- 
position at higher levels of resistivity 
also. To determine whether this could 
be achieved in silicon of higher purity, 
several ingots were prepared from sili- 
con B. After fusion without alloying 
additions this material is p-type and 
its specific resistance is of the order of 
one ohm-cm. Addition of 0.001 pet 
boron, however, markedly lowers its 
resistivity as shown in Curve 1, Fig 4. 
The resistivities for this alloy ranged 
from 0.07 ohm-cm at the top of the 
ingot to about 0.03 ohm-cm at the 
bottom. Thus no improvement in uni- 
formity of resistivity was obtained by 
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the use of silicon of extreme purity as 
the base material. It will be noted, 
however, that the resistivity decreased 
with depth in the ingot. Hence, in sili- 
con containing only boron as the prin- 
cipal alloying constituent the variation 
of resistivity in the ingot is in the 
manner to be expected from a normal 
segregation. This is in contrast to the 
increase in resistivity with depth ob- 
served in ingots of silicon A containing 
comparable amounts of boron. 


EFFECT OF BORON AND 
PHOSPHORUS ON THE PROPERTIES 
OF ULTRA-HIGH PURITY SILICON 


To explain the anomalous resistivity 
gradient observed in ingots of silicon 
A the presence of a second active im- 
purity which also affected conductivity 
was assumed. Further investigations 
revealed that traces of phosphorus 
were responsible for the anomalous 
resistivity variations and the forma- 
tion of n-silicon and the photovoltaic 


0.05 


boundary in the ingots of this material. 
To study the effects in silicon of 


phosphorus and boron in combination, 
a number of alloys were prepared from 
silicon B. Specimens were cut from 
these ingots through the central verti- 
cal axis and the resistivity and direc- ~ 
tion of rectification then determined 
at 1g in. intervals. The data for typical 
alloys are given in Table 2 and Fig 5. 


Table 2... Resistivity of Silicon- 
boron and Silicon-Phosphorus 


Alloys 


RESISTIVI 


Resistivity at Room Temperature 
of Samples from Different 
Locations in the Ingot 
Compo- 
sition 

Top | Middle} Bot 

Pet ohm- | ohm- obin® 

cm cm orn 
Silicon B |+0.001 B 0.067 | 0.050 | 0.040 
Silicon B |+0.01 B 0.015 | 0.011 | 0.006 
Silicon B |+0.0029 P*| 0.041 | 0.034 0.017 
Silicon B |+0.0058 P*} 0.031 | 0.023 0.008 


* Added as Ca3(POs)>. 


These data show that: 


1. The addition of boron to pure sili- 


con produces p-silicon while the addi- 
tion of phosphorus produces n-silicon. 
The resistivity of such alloys decreases 
with increasing concentration of the 
added element (Table 2 and Curves 
1 and 2). 


2. If ingots of silicon containing 


either boron or phosphorus are pre- 
pared by freezing from the top surface 
downward, normal segregation occurs 
and as a result the resistivity decreases 
with depth in the ingot. The rate of 
segregation of phosphorus is somewhat 
greater than that of boron as shown 
by a more steeply sloping resistivity 
curve (Curves | and 2). 


3. Ifin silicon containing both boron 


[| 
RL 
aS 


FIG 4—Resistivities of various alloys of silicons A and B. 
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and phosphorus, the boron exceeds the 
phosphorus by a small molar amount, 
of the order of 0.0002 pct, and the ingot 
is prepared by solidifying slowly from 
the top downward, then zones of p- and 
n-silicon will be formed, separated by 
the photovoltaic boundary (Curve 3). 
It is therefore possible to reproduce 
completely the resistivity, rectification 
and other properties observed for sili- 
con A by adding the correct relative 
amounts of boron and phosphorus to 
silicon B. Since boron and phosphorus 
are both present in silicon A it is a 
reasonable conclusion therefore that 
they are the principal impurities re- 
sponsible for the electrical effects ob- 
served in this material. 
The mechanism of formation of the 
p- and n-zones and the barrier may 
now be interpreted in terms of an 
electrical interaction or compensating 
effect of equivalent amounts of donor 
and acceptor impurities. Referring to 
Fig 6, Curves 1 and 2 are hypothetical 
. segregation curves for boron and phos- 
phorus with phosphorus segregating 
more rapidly than the boron. At a 
depth of 3 in. in the ingot the curves 
cross and at this point the molar con- 
centrations of boron and phosphorus 
are equal. Since it is believed that these 
impurities neutralize one another elec- 
trically, no residual impurities are 
available at this point to contribute 
to the conductivity of the silicon.* As 
a result high resistivity and poor point 
contact rectification are to be expected. 
This is actually the case in the region 
of the barrier. Above this region boron 
is in excess by an amount which is 
indicated by the difference between the 
two segregation curves at each location 
in the ingot. This amount is given by 
Curve 3, Fig 6 which shows that the 
free (excess) boron decreases with depth 
in the ingot from a value of 0.001 pct 
at the top to 0 pct at the barrier. Since 
_ boron is in excess the silicon is p-type, 
and since the concentration of free 
boron diminishes with depth, the re- 
sistivity increases correspondingly. Be- 
low the barrier phosphorus is in excess 
of boron by an amount equal to the 
difference between their concentrations 
at each location. The concentration of 
free phosphorus below the barrier, 
given by Curve 4, Fig 6, increases from 
0 at the barrier to 0.0015 pct at the 
bottom of the ingot. Since phosphorus 
is in excess in this region the silicon is 
_n-type and its resistivity decreases with 


_ * Similar phenomena have been reported in 
lead sulphide photoconductive cells by Star- 
kiewicz, Sosnowski, and Simpson* and by Sos- 
-nowski, Soole, and Starkiewicz.° ss 
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FIG 5—Effect of boron and phosphorus on the electrical properties of silicon B. 
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FIG 6—Mechanism of formation of barrier in silicon ingots. 


depth in the ingot. 

If silicon having the characteristics 
of Fig 6 were remelted and 0.001 pct 
more boron were added, the boron 
segregation Curve No. 1, would shift 
to the right and would intersect the 
phosphorus curve at a lower point. 
Thus, the photovoltaic barrier would 
appear at a lower point, the amount of 
p-silicon would be increased, and, since 
the excess of boron at the top of the 
ingot would also increase, the mean 
resistivity of the p-silicon would be 
lower. If instead, the boron concen- 
tration were held constant and the 
concentration of phosphorus reduced, 
Curve 2 would shift to the left, and 
again, the barrier would have occurred 
lower in the melt, the free boron con- 
centration above the barrier would 
have increased and the mean resistivity 
would have been lowered. 

It may be seen, therefore, that the 
electrical characteristics of the silicon 
ingots may be explained in terms of 
the differential segregation of boron 
and phosphorus. The hypothesis has 
not been checked by direct analysis, 
however, because of difficulties in de- 
termining accurately the small concen- 
trations of boron, and phosphorus at 
the different locations in the ingot. It 


is believed, however, that the hypo- 
thetical values given in Fig 6 are cor- 
rect as to order of magnitude. 

While these studies have been con- 
cerned principally with boron and 
phosphorus in silicon it has also been 
shown that aluminum additions pro- 
duce p-type silicon, while arsenic and 
antimony produce n-type silicon. More- 
over, photovoltaic barriers have been 
produced by the addition of arsenic to 
silicon B. It seems to be generally true 
therefore that the addition to silicon of 
elements of group 3, with 3 valence 
electrons produces p-silicon while ele- 
ments of group 5, with 5 valence elec- 
trons, produces n-silicon. 


DEPENDENCE OF UNIFORMITY OF 
RESISTIVITY ON THE BORON 
PHOSPHORUS RATIO 


It has been shown that in silicon 
ingots containing only one principal 
impurity, the resistivity varies with 
location in the ingot. On the other 
hand, if 0.01 pet boron is added to 
silicon A practically no variation in 
resistivity is observed throughout the 
ingot. This suggested that uniformity 
of resistivity throughout the ingot 
might be related to the relative 
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FIG 7—Boron additions to various mixtures of silicon A and 
B to obtain uniform resistivity in silicon ingots. 
The values in parenthesis are the resistivity ranges observed for 


each composition. 


amounts of boron and phosphorus in 
the charge and that under the correct 
conditions the uniformity of the 0.01 
boron composition might also be at- 
tained in materials of high resistivity. 
To check this experimentally several 
melts were prepared using as raw ma- 
terials different proportions of the sili- 
cons A and B, adding 0.001 pct boron 
to each charge. Since the A silicon con- 
tained both boron and _ phosphorus 
while the B silicon is free of analyti- 
cally detectable quantities of these ele- 
ments this series provided samples with 
a range of boron and phosphorus con- 
centrations in which the relative pro- 
portions were systematically varied in 
the direction of increasing the boron 
to phosphorus ratio. 

Resistivity as a function of location 
in the ingot for this series is plotted in 
Fig 4. As the concentration of phos- 
phorus is decreased by increasing the 
proportion of silicon B in the charge, 
the variation in resistivity with depth 
decreases. The least variation is ob- 
tained with the 90-10 composition. 

Thus, uniform ingots of silicon of 
desired resistivity may be prepared by 
making the proper boron additions and 
maintaining a critical boron to phos- 
phorus ratio. This ratio is about 5 
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boron atoms for each phosphorus atom’ 
Fig 7 shows the amounts of boron 
which must be added to various mix- 
tures of silicons A and B to maintain 
the required 5 to 1 ratio and gives the 
resistivity range obtained in each ingot. 
It will be seen that sensibly uniform 
ingots with any resistivity desired in 
the range from 0.01 to 0.1 ohm-cm 
may be obtained in this way. These 
proportions would vary slightly if the 
composition of silicon A changed sig- 
nificantly from lot to lot. 


Summary 


Boron and aluminum are acceptors 


in silicon, and phosphorus, antimony, 


and arsenic are donors forming respec- 
tively p-type or n-type silicon. The 
presence of boron or phosphorus alone 
markedly reduces the specific resistance 
of silicon. If ingots of silicon containing 
small amounts of either boron or phos- 
phorus are solidified from the top 
downward, normal segregation occurs 
and the resistivity decreases with depth 
in the ingot. If boron and phosphorus 
are present together in certain amounts, 
ingots may be prepared in which the 
top section is p-type and the bottom 


is n-type silicon, in which a_ barrier 
region with interesting rectification and 
photovoltaic properties separates the 
p-type and n-type regions. In the 
p-zone the resistivity increases rapidly 
as the barrier is approached, reaches a 
maximum at the barrier and then de- 
creases in the n-zone. The formation 
of the barrier and the variation of 
resistivity with depth in the ingot are 
interpreted as being due to interaction 
between donors and acceptors, in this 
case boron and phosphorus, in which 
one mol of boron compensates one mol 
of phosphorus. Boron and phosphorus 
segregate at different rates under the 
solidification conditions used so that in 
the region of the ingot which solidifies 
first boron is in molar excess and the 
silicon is p-type. In the region which 
solidifies last phosphorus is in molar 
excess and the silicon is n-type. At the 
location in the ingot where the molar 
concentrations of boron and_phos- 
phorus are equivalent, the barrier is 
found. 

Addition of phosphorus to boron 
silicon compositions improves the uni- 
formity of the resistivity in the ingot. 
In spite of the extreme sensitivity of 
the resistivity to impurities means were 
found to obtain sensibly uniform re- 
sistivities by maintaining the correct 
boron to phosphorus ratio. 
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Introduction 


The effects of impurities on the elec- 
trical properties of silicon are discussed 
in a companion paper by Messrs. Scaff, 
Theuerer, and Schumacher.! It was 
shown that an ingot of silicon which 
contained boron and phosphorus in 
certain concentrations consisted partly 
of p-silicon and partly of n-silicon? and 
that the common boundary between 
these regions was the source of a photo- 
voltage. These features were ascribed 
to the segregation of boron and phos- 
phorus during solidification of the 
ingot. Because of different rates of 
segregation the first portion of the 
ingot to freeze contained a molar ex- 
cess of boron over phosphorus and 
hence was p-silicon. The last-solidified 
region contained a molar excess of 
phosphorus and was n-silicon. 

This paper is concerned with the 
microscopic examination of such ingots. 
The microstructures are rather unusual 
in certain respects and their study has 
helped to show how the segregation of 
minor elements modifies the electrical 
properties of silicon. The microstruc- 
tures of ingots prepared from two lots 
of silicon, designated 1 and 2, will be 
described. These lots were obtained 
from the Electro Metallurgical Co. 
Both contain 99.8+ pct silicon, but 
they differ in impurity analysis. For 
each lot will be shown the microstruc- 
ture of a slowly cooled ingot, for which 
the time of solidification is 6 min., and 
that of a rapidly cooled ingot, for which 
the time of solidification is 2 min. The 
ingots were prepared from 45 g charges 
of silicon. 

When an alloy freezes a cored struc- 
ture is generally produced because of 
insufficient diffusion to remove concen- 
tration differences established during 
freezing. As a result of coring the first 
portion of a crystal to freeze is usually 
poorer in solute than equilibrium re- 
quires, while the last material to 
solidify is richer. In a columnar grain, 
growth is principally unidirectional and 
coring can produce a concentration 
gradient along the entire grain. By 
carrying the picture of the coring 
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FIG 1—Sketch showing features of slowly-cooled ingot of silicon. 
: Vertical section through center of ingot. 


process from a single grain to an entire 
ingot in which columnar grains are 
aligned more or less radially, one can 
easily see that a composition gradient 
could be established between the out- 
side and center of the ingot. This, to a 
considerable extent, occurs during the 
solidification of a slowly cooled ingot 
of silicon. 


Slowly Cooled Ingot 


In slowly cooled ingots of both lots 
of silicon, columnar grains which are 
approximately radial in direction and 
longest at the top of the ingot enclose 
a region in which the shapes and align- 
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ment of the grains are considerably less 
regular. The central region is last to 
solidify and contains cavities and in- 
clusions. The sketch of Fig 1 illustrates 
some of these features, as well as others 
which will be described below. 

If a polished section of an ingot is 
etched in a mixture of 2 parts of 20 pct 
HF and 98 parts of HNO; the p-n 
barrier becomes visible. The overall 
shape of the barrier in a slowly-cooled 
ingot is roughly oval, as may be seen in 
Fig 1. The proportion of n-silicon, that 
is, the region enclosed by the barrier, 
is considerably greater in ingots of lot 1 
than in those of lot 2. 

A sample about 34 X 1 X \ in. 
was cut from a slowly cooled ingot of 
lot 1 with its long direction extending 
from the top of the ingot to the porous 
region. Thus its upper half was p-sili- 
con, its lower half n-silicon. A longi- 
tudinal face was polished and etched 
in the acid mixture. The areas of inter- 
est are identified in Fig 2. A band of 
parallel markings extends across the 
sample in the columnar region. These 
striae are roughly parallel to the upper 
surface of the ingot and cross grain 


_ boundaries with only slight deviations. 


They are quite distinct in the n-silicon, 
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FIG 2—Longitudinal section of slowly-cooled ingot of lot 1. Etched in acid mix- 
ture. X 14. 


Reduced one-third in reproduction. 


especially near the p-type area. Striae 
are present in the p-silicon but are not 
visible in Fig 2. 

Photovoltaic activity is confined to 
points on the sample which are com- 
mon to both p- and n-silicon. It was 
possible to determine the locations of 
such points very accurately by con- 
necting a suitable recording instrument 
to the ends of the sample and then ex- 
ploring the specimen surface at high 
magnification, using the illuminating 
beam of the microscope as a source of 
light. 

A portion of the p-n region of Fig 2 
is shown at higher magnification in 
Fig 3. 

Examination of Fig 2, 3 and 5 will 
show that although a few n-striae are 
completely isolated, most of the n- and 
p-striae are connected to the main 
bodies of n- and p-silicon respectively. 
The striae may be said to be interlock- 
ing rather than alternating. Hence the 
boundary which is common to the main 
bodies of n- and p-silicon is quite long. 
A result of this feature is an enhance- 


ment of the photo-current obtained on . 


illumination. 

The difference in the behavior of the 
two etchants which have been used in 
this study is interesting. A warm, 
aqueous, 5 pct solution of sodium 
hydroxide forms etch-pits whose shapes 
depend on crystal orientation. At mod- 
erate and low magnifications this effect 
is seen as a uniform darkening of entire 
grains which varies in degree in indi- 
vidual grains. Hence this reagent is 
helpful in showing grain size and shape. 
It is entirely insensitive, however, to 
the presence of the p-n boundary or 
the effect which produces the striae. 
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On the other hand the mixed acid 
etchant reveals the striae and the p-n 
boundary. It produces an_ overall 
brightening and delineates the grain 
boundaries. 

The following explanation is ad- 
vanced for the microstructures of a 
slowly cooled ingot: 

When freezing begins columnar grains 
form at the outside of the melt and 
grow inward, those originating at the 
upper surface growing most rapidly. 
At any time during solidification the 
shape of the liquid-solid interface 
roughly parallels the outer surface of 
the ingot. This advancing front is more 
or less unbroken except for small dif- 
ferences in growth of individual grains 
and irregularities at the grain bound- 


aries. The striae in the columnar region 
are believed to be the result of minor 
undulations in the composition gradi- 
ent which are caused by disturbances 
in the liquid adjacent to the advancing 
solid. They record the positions of the © 
liquid-solid interface throughout the 
solidification of the columnar region. 
Since an overall concentration gradi- 
ent of impurities is established during 
the freezing of the columnar grains the 
striae may also be regarded as contours 
of constant composition. 

An explanation of the alternating 
strips of p-silicon and n-silicon at the 
boundary is given by the hypothetical 
curve of Fig 4, which shows the con- 
centrations of excess boron or phos- 
phorus as a function of distance from 
the top of the ingot for a single co- 
lumnar grain. The reversals represent 
the local variations in composition 
which are associated with the striae, 
while the major trend of the curve 
depicts the general effect of coring on 
the difference between the concentra- 
tions of phosphorus and boron. Since 
silicon changes from p-type to n-type 
at zero difference, it is possible to have 
a number of alternate bands of p-silicon 
and n-silicon in a polished section if the 
fluctuations are of sufficient amplitude. 
This situation is shown in Fig 4, where 
two narrow strips of p-silicon and two 
of n-silicon appear, and is a charac- 
teristic feature of slowly cooled ingots, 
as may be seen from Fig 5 and from 
Fig 2 and 3. The dark edges between 
the p- and n-areas in Fig 5 do not 
necessarily indicate the presence of a 
substance at the boundary but are an 


FIG 3—Area from Fig 2. X 50. 
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FIG 4—Relation between excess im- 
purity concentration and distance from top 
of ingot. 


etching effect. The p-silicon is attacked 
more rapidly by the acid etchant, 
leaving raised peninsulae of n-silicon 
whose sides are oblique, and hence are 
dark in vertical illumination. 


Rapidly Cooled Ingot 


; If the molten silicon is cooled rapidly, 
nucleation occurs throughout the melt 
rather than only at the surface and 
instead of columnar crystals an equi- 
axed grain structure results. Such an 
ingot differs from a slowly cooled ingot 
electrically and microstructurally. Dur- 
ing solidification coring produces at the 
center of each grain a region which is 
poor in impurities and which is sur- 
rounded by layers of increasingly higher 
concentration. In contrast, the region 
weak in impurities in a slowly cooled 
ingot is at the outside of the ingot and 
is continuous. In a rapidly cooled ingot 
inclusions are found in the last-solidified 


FIG 5—Interlocking seipe: of n- and p-silicon in slowly- 


parts of each grain and are distributed 
throughout the ingot instead of being 
concentrated in the center, as in a 
slowly cooled ingot. In short, in a 
slowly cooled ingot segregation may 
be regarded as a feature of the ingot 
as a whole, while in a rapidly cooled 
ingot it is in general localized to indi- 
vidual grains. 

If the relative concentrations of 
boron and phosphorus vary in a single 
grain as they do in a slowly cooled 
ingot, one would expect to find a p-n 
boundary having the shape of a closed 
figure in that grain. Examination of 
rapidly cooled ingots has shown” this 
to be so. The microstructures may be 
described as islands of p-silicon in a 
background of n-silicon. Measurements 
of the direction of point contact rectifi- 
cation, made by using a sharply pointed 
probe to touch individual grains, 
showed that invariably the islands were 
p-silicon while the surrounding areas 
were n-type. 

Fig 6 shows an area in a rapidly 
cooled ingot of lot 1 in which several 
islands of p-silicon are visible. These 
islands were concentrated at the top 
of the ingot where, despite the non- 


‘columnar grain growth, freezing did 


take place first. The remainder of the 
ingot was entirely n-type. Thus, in 
addition to local coring in each grain, 
some segregation had occurred in the 
ingot as a whole. 

An area from a rapidly cooled ingot 
of lot 2 is shown in Fig 7 and 8. Here 
the p-n boundaries are near the grain 
boundaries. The major part of each 
grain is p-silicon surrounded by a thin 
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ar -—-_ gooled ingot of lot 1. X 1000. , 
3 Reduced Spprotianasaly peeeeiirtta reproduction. 


strip of n-silicon. Again some segrega- 
tion occurred over the ingot as a whole, 
as some grains at the top of the ingot 
contained only p-silicon and the grains 
containing the greatest proportion of 
n-silicon were at the center of the ingot. 

It was stated in the discussion of 
slowly cooled ingots that those of lot 2 
contained more p-silicon than those of 
lot 1. As Fig 6 and 7 show, this relation- 
ship is also true for the individual grains 
in rapidly cooled ingots. 

Although the p-n boundaries in the 
two types of ingot are unlike in many 
respects, they are basically similar. 
Their shapes and locations differ be- 
cause the ingots solidify in dissimilar 
ways. The appearance of the boundary 
in a slowly cooled ingot is further modi- 
fied by the effect responsible for the 
striae. Apparently this effect is seldom 
present in rapidly cooled ingots. 

The irregular shapes of the p-n 
boundaries, especially in rapidly cooled 
ingots, make it unlikely that they are 
localized to certain crystallographic 
planes. Their locations and appearance 
at high magnification distinguish them 
from grain boundaries. Illustration of 
these points is offered in Fig 9 and 10. 


Summary 


The microstructures of ingots of two 
lots of silicon have been described, both 
as prepared by slow cooling and by 
rapid cooling. The dependence of the 
distribution of the p- and n-regions on 
segregation has been indicated. When 
the ingot freezes slowly the grains are 
columnar, the regions of p-silicon form 


FIG 6—Rapidly-cooled ingot of lot 1 . Etched in acid mixture. 


x 50. 


Reduced approximately one-third in reproduction. 
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FIG 7—Rapidly-cooled ingot of lot 2. Etched in acid mixture. 
x 100. 


Reduced approximately one-third in reproduction. 
FIG 8—Area from Fig 7 showing two p-n barriers separated 
by a grain boundary. Oblique illumination. < 250. 


Reduced approximately one-third in reproduction. 


FIG 9—P-N barrier in rapidly-cooled ingot of lot 1. 


Note irregular shape and variation in thickness. Etched in acid 
mixture, X 500. Reduced approximately one third in reproduction. 


a continuous zone which encompasses 
the n-silicon, and the p-n boundaries 
are relatively continuous. When cool- 
ing is more rapid, nucleation occurs 
throughout the melt and grain growth 
is disorderly, with the result that the 
p-silicon and the p-n boundary in each 
grain are separated from the corre- 
sponding regions in adjacent grains by 
layers of n-silicon. 


ci 


FIG 10—(a) Grain in rapidly-cooled ingot of lot 1. Etched in warm 5 pct KOH. (b) Same grain, 
re-etching in KOH. P-N barrier is now visible. x 50. 


Reduced approximately one-third in reproduction. 
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after etching in acid mixture followed by 
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The Measurement of Stress and 
Strain in Solids 
Institute of Physics, 47 Belgrave Square, 
London, S.W.1, England, 1948. 114 
pp., tllus., diagrs., charts, tables, 
914 x 6 in., linen, 17s.6d. plus 10d 
postage; U.S.A. $4.00. 


REVIEWED BY C. ZENER 


This book consists of a collection of 
papers presented to a conference upon 
the measurement of stress and strain, 
held at Manchester during the summer 
of 1946. Many methods of measure- 
ment are discussed, the most important 
employing resistance strain gauges, X- 
rays, photo-elasticity or acoustical strain 
gauges. By far the greatest emphasis 
is given to resistance strain gauges. 

The paper reviewing the physical 
characteristics of wire-resistance strain 
gauges should be of value to anyone 
using such gauges. Particular attention 
is given to such practical details as the 
relative merits of different types of 
wires, the various types of cement, 
proper drying procedures, and creep 
characteristics. One type of cupro- 
nickel wire consistently extended to 4 
to 5 per cent before fracture. 

An original paper upon high fre- 
quency strain gauges is of interest both 
to those interested in the use of strain 
gauges and to those interested in the 
physics of metals. It is found that the 
sensitivity of strain gauges of ferro- 
magnetic wires is increased by a factor 
as large as 20 when high frequencies 
are used. The author anticipates that 
a search for special ferromagnetic wires 
will raise the high frequency sensitivity 
still further. 


Principles of Metallography 

R. S. Williams and V. O. Homerberg. 
5th ed. McGraw-Hill Book Co., 
1948. 319 p., illus., diagrs., charts, 
tables, cloth, $4.00. 


This standard text for students of gen- 
eral science and engineering puts great- 
er emphasis on the applications of 
metallography than on the physio- 
chemical principles involved. In the 
new edition the major changes have 
been in revisions and additions to the 
sections on copper, magnesium, and 
aluminum alloys, on the hardening and 
tempering of steel, and on the general 
question of “hardenability.” 
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Theoretical Structural Metallurgy 


By A. H. Cottrell. Longmans, Green & 
Co., New York; Edward Arnold & 
Co., London, 1948. 
charts, tables, 834 
$9.20; 21s. 


256 p., diagrs., 
x 5% in., cloth, 


Written for metallurgical students, 
this book presents the ways in which 
ideas of atomic mechanics can be ap- 
plied to problems of metals and alloys. 
Based on a theoretical outlook, there is 
no discussion of experimental methods. 
The treatment is mainly descriptive, and 
mathematics is confined to an elemen- 
tary level. A certain amount of intro- 
ductory material is included, and the 
selection of topics is centered around 
the electron theory of metals and the 
of metals 


statistical thermodynamics 


and alloys. 


Treatise on Powder Metallurgy 

Volume I, Technology of Metal Powders 
& Their Products, by Claus G. Goetzel, 
Ph. D., Vice-President and Director of 
Research, Sintercast Corp. of America, 
N. Y. Published by Interscience Pub- 
lishers, Inc., New York, N. Y. Cloth, 
806 pages, 300 illustrations, 82 tables, 
$15. 


This encyclopedic treatment of pow- 
der metallurgy presents to the novice, 
the expert, the development engineer, 
and the inventor, twenty chapters of 
principles, history, theory, experiment, 
technology, properties, production, and 
application. Coverage is so complete 
that the volume is equally useful as an 
introductory text, a reference book, a 
source for new applications, and a stim- 
ulus to new developments and new 
processes. 


The fundamentals covered by this 
volume equip the reader to understand 
the most recent evolution of the art, 
such as structural iron and steel com- 
ponents, “infiltrated” powder metal 
products, superalloys, new magnetic 
materials, and combination materials 
(metal-metalloid and metal-ceramic). 

The book is particularly effective as 
a text because it starts at the beginning, 
defines words, and explains the termi- 
nology of the powder metallurgist. 
Chapters on basic principles and history 
help to orient the student in the overall 
field of metal processing. Following the 
orientation, there are chapters which 
describe methods of powder production, 
characteristics, properties and standards 
of available powders, methods of test- 
ing powders, powder conditiouing, and 
the function of addition agents. 
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POLISHING COMPOUND 


“C-RO” is a relatively heavy, metal- 
lographic, polishing compound in 
which small, sharp uniform particles 
provide a fast, sure and flawless cut- 
ting action. It polishes without bur- 
nishing. Write for Bulletin 208. 


53-585....“C-RO”....% Ib..... $5.00 


1942 FIFTH AVE 
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model B 


GAS ANALYZER 


Analyzers for the rapid control anal- 
ysis of gas mixtures comprising any 
or all of the following: carbon mon- 
oxide, methane, oxygen, hydrogen, 
and nitrogen. Two models, B and C, 
for use in combustion control plus 
other applications. Write for Bul- 
letin 213. 


$87.50 
$140.00 


Model B 
Model C 


110 volts 
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Stainless Steel Balance 


A new Harvard trip balance features 
stainless steel weighing platforms and 
beams and is available through scientific 
supply dealers. Made by Ohaus Scale 
Corp., 10-14 Hobson St., Newark 8, 
N. J., it is designed for use in many 
fields, including industrial laboratories. 
The stainless steel weighing platforms 
are said to be proof against heat, corro- 
sion, chemicals or accidental impact. 
The stainless relief etched beams give 
clear readings. Polished agate bearings 
work against precision hollow ground 
tool steel knife edges. The balance in 


the photo has a beam capacity of 210 
grams. 


Aluminum Cold Solder 


A body solder made from aluminum 
powder that requires no heat, hence 
does not damage adjacent painted sur- 
faces, is announced by Reynolds Metals 
Co., 2500 S. Third St., Louisville, Ky. 
It replaces the older type solders which 
had to be melted and flowed in to dents 
and other damaged areas of automobile 


bodies. Several successive applications | 


can be employed to build up thicknesses 
as much as one inch. These cold sold- 
ers are doughlike, about the consistency 
of plastic wood. When applied by spa- 
tula or wiper, the solvent evaporates and 
the metal mass soon hardens sufficiently 


to be filed or sanded.~ It adheres 
strongly to a properly cleaned surface. 
When sanded smooth, it provides an 
excellent base for paint, enamel or lac- 
quer coatings. The accompanying pho- 
tograph shows a dent with a hole in it; 


then a similar dent and hole that have 


been filled with the cold solder; then 
the repaired spot has been smoothed off 
to show how the material blends. 


Cemented Carbide in Molds 


Lining of the mold barrels for form- 
ing abrasive wheels with Carboloy ce- 
mented carbides has greatly reduced 
wear, multiplied mold life five to ten 
times, promoting better finish and less 
breakage, according to Carboloy Co., 
Inc., Detroit 32, Mich. The molded 
wheels are also more easily removed 


No alteration 


from lined steel molds. 
in mold design to switch over to car- 
bide-lined molds was necessary. Some 
of these lined molds have produced 
over 10,000 units each. 


Manufacturers’ Publications 

Baker & Co., Inc., Newark 5, N. J., 
has just published a 248-page Bibli- 
ography of the Platinum Metals, 1931- 
1940, with about 7000 references. It is 
strongly bound in buckram with a pal- 


ladium leaf title on the front cover and 
backbone. 


The Allis-Chalmers Mfg. Co., Mil- 
waukee 1, Wis., has just published a 
highly-illustrated annual review of engi- 
neering developments for 1948. One 
section is devoted to metals, one of the 
interesting references being devoted to 
increasing the supply of either high or 
low purity oxygen by applying Allis- 
Chalmers turbo-blower units. 


“Nickel Topics” for March contain 
the usual interesting variety of topics 
on subjects pertaining to nickel. Pub- 
lished by the International Nickel Co., 
Inc., a leading article is on new ductile 
cast iron. A bit hair-raising are an ar- 
ticle and photos on stainless steel alloy 
skull templates for skull surgery. Thus 
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there are eight standard designs fabri- 
cated by Uza Nudell, New York, spe- 
cialist on this bizarre fabrication. Slots 
radiating toward the center from the 
periphery allow the plate to be bent at 
the time of the operation to make it fit 
more exactly the contour of the individ- 
ual skull. Perforations near the center 
allow the escape of fluids and permit 
skin tissues to grow through them. 


“Corrosion Control for Underground 
Pipe” is a well-published 26-page book- 
let issued by the Owens-Corning Fiber- 
glas Corp., Toledo 1, Ohio. It portrays 
in text and telling photos the role of 
Fiberglas pipe wrap in corrosion con- 
trol. Test data on the properties and 
performance of the wrap are included. 


Men of Industry 

F. L. LaQue, International Nickel Co., 
Inc., has been named recipient of the 
Frank Newman Speller Award in Cor- 
rosion Engineering of the National 
Assn. of Corrosion Engineers. During 
the past year he has served as this asso- 
ciation’s president. 
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Roy Perkins has been appointed 
manager of the blast furnace depart- 
ment of F. H. McGraw & Co., having 
had about 20 years of blast furnace con- 
struction experience. 


Charles A. Freeman has resigned 
from the A. P. Green Fire Brick Co. to 
form his own company at Canyon City, 
Colo. He was instrumental in develop- 
ing the use of Missouri fire clays for 
blast furnace service. He belongs to 
several technical societies. 


Ronald E. Griffiths, for three years 
supervisor of the American Steel & Wire 
Co.’s research laboratory in Cleveland, 
has been made assistant director of re- 
search for the company. He started 
with that company as a metallurgical 
observer at the Cuyahoga works. 


Melvin C. Harris has resigned as vice 
president in charge of production of the 
Allegheny Ludlum Steel Corp., having 
been with the company since 1915, in 


later years serving as plant manager and 
manager of production. 
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Open Hearth Optical Pyrometer 


An optical pyrometer especially de- 
signed for taking temperature readings 
of the limited range required for molten 


ferrous metals has been developed by 
the Pyrometer Instrument Co., Inc.. 
Bergenfield, N. J. The reading scale 
has been lengthened over 40 per cent 
and covers only the critical portion of 
the temperature range required. The 
standard temperature scale for black 
body conditions permit coverage from 
2200 to 3000 F and an additional scale 
in red, corrected for the emissivity of 
molten iron, steel, Monel, etc., reads 
from 2400 to 3300 F. Both scales are 
sub-divided into wide 10 deg. divisions 
so that readings can be made to within 
a very few degrees. The black body 
scale is good for measuring tempera- 
tures of furnaces, ovens, linings, fire 
boxes, etc., whereas the red scale gives 
quick readings of spout, pouring and 
ladle temperatures of molten iron, steel, 
Monel and other ferrous alloys. 


Faster Machining Steel 


A new steel that can be machined 10 
to 25 per cent faster than the fast- 
est standard free-machining Bessemer 
screw stock in commercial use is an- 
nounced by the Jones & Laughlin Steel 
Corp. This new “E” steel can now be 
furnished in cold-finished bars. Com- 
pared with B-1113, the former “king” 
of the Bessemer screw steels, with a 
machinability index of 135, this “E” 
steel has an index of 170, or nearly 25 
per cent higher. It has a smoother 
finish after machining, better cold work- 
ing and cold forming properties and 
gives longer tool life on screw machines 
than its predecessor, according to its 
sponsor. Comments by users of this 
new steel were that the finish was ex- 
cellent, tool life was doubled, with pro- 
duction increased 10 or 15 per cent. 
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New Resistance Alloy 

Unusual high electrical resistivity and 
ability to retain stable resistance values 
over wide ranges of temperature are 
characteristic of “Karma,” a new alloy 
developed by Driver-Harris Co., Harri- 
son, N. J. It is especially suitable for 
high accuracy wire-wound resistors. In 
comparison with copper-base alloys now 
used for such resistors the specific re- 
sistance of Karma is exceptional. At 
20 C it is 800 ohms per circular mil 
foot (133 microhms/cm*)—more than 
2.7 times that of either Manganin or 
Advance, This 
makes for small resistors, with savings 


state the sponsors. 
of space and weight and more ohms per 
production dollar. The new alloy also 
has higher tensile strength which per- 


mits faster winding speeds. 


Micro-set Thermoregulator 


micro-set 


A new 
thermoregulator for laboratory use in 
controlling liquid temperatures in water 
and oil baths, or air temperatures in 


immersion-type 


ovens, etc., is announced by Fisher 
Scientific Co., 717 Forbes St., Pitts- 
burgh 19. It has a sensitivity of plus 
or minus 0.02 F over a range of 50 to 
220 F. Only 15 in long, its patented 
design eliminates an outer shell so that 
there is a minimum of lag in response 
to slight temperature changes. It has a 
quick adjustment sleeve that magnetic- 
ally moves one of two electrodes so that 
the regulator will turn heating devices 
on and off to maintain any temperature 
within its range. The device has two 
capillaries, one with mercury enclosing 
a tungsten electrode and the other con- 
taining mercury that rises and falls with 
temperature to make or break contact 
with the upper metallic electrode. Con- 
tact points are sealed in hydrogen un- 
der pressure, eliminating corrosion, 
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Limited to A.I.M.E. members, or to com- 
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R. S. DEAN LABORATORIES 
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MAX STERN 
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wrecking—Modernization of Plants and 
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Engineering Societies 
Personnel Service, Inc. 


New York—8 West 40th St., Zone 18. 
Detroit—l00 Farnsworth Ave. 


San Francisco—57 Post St. 
Chicago—84 East Randolph St., Zone 1 


These items are from information furnished by the Engineering Societies Personnel 
Service, Inc., operating in cooperation with the Four Founder Societies. This Service is 
available to members and is operated on a co-operative, nonprofit basis. 

In applying for positions advertised by the Service, the applicant agrees, if actually 
placed in a position through the Service as a result of these advertisements, to pay a 
placement fee in accordance with the rates as listed by the Service. 

When making application for a position include six cents in stamps for forwarding 
application to the employer and for returning when necessary. 

All replies should be addressed to the key numbers indicated and mailed to the 


New York office. 


A weekly bulletin of engineering positions open is available to members of the 
cooperating societies at a subscription of $3.50 per quarter or $12 per annum, payable 


in advance. 


POSITIONS OPEN 


PROCESS METALLURGIST for proc- 
ess development and semi-works produc- 
tion of metals by chemical or electro-fur- 
nace reduction. Write stating qualifications, 
experience and salary expected. Location, 
New Jersey. Y1646. 


RESEARCH METALLURGIST, 30-40 
graduate, with non-ferrous smelting and 
refining experience, to supervise develop- 
ment of hydro-metallurgical pyro-metal- 
lurgical and electrolytic refining methods. 
Salary, $4200-$4800 a year. Location, 
northern New Jersey. Y1926. 


MINE AND SMELTER DRAFTS- 
MAN with considerable experience on 
the processing end of mining and smelt- 
ing equipment. Salary open. Location, New 
York, N. Y. Y2340. 


FOUNDRY SALES MANAGER, not 
over 45, with gray, malleable and _ steel 
foundry experience, and background in 
metallurgical or mechanical engineering 
for Midwestern production foundry. Sal- 
ary, $12,000-$16,000 a year. Y2342. 


CHEMIST-ASSAYER, graduate, experi- 
enced in fire assaying and wet determina- 
tions of lead, zinc, copper, gold, silver, 
tin, tungsten,, bismuth, antimony ores and 
concentrates, to take charge of laboratory 
employing twenty workmen and _ handling 
about 9000 assays monthly. Standard three- 
year contract. Working knowledge of 
Spanish essential. Salary, $4200 a year, 
plus one month’s bonus; single status 
preferred; if married single status for six 
months, free transportation to Bolivia by 
air. for employee and wife, free living 
quarters, four weeks’ vacation yearly. 


Y2344, 
PRODUCTION MANAGER, 35-45, 


mining graduate, with supervisory mine, 
mill, smelter and non-ferrous metal prod- 
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ucts fabrication experience, to take gen- 
eral charge of production. Knowledge of 
Spanish desirable. Salary open. Location, 


Argentina. Y2396CDS. 


METALLURGIST, graduate, 25-35; fair 
amount of metallurgical experience, with 
high melting refractory metals and alloys 
for employment in research and develop- 
ment with a metals company. Salary, 
$300-$400. Location, northern Illinois (a). 
Recent Graduate Engineer or one with 
limited experience for above. Salary ap- 
proximately $250(b). R5629. 


METALLURGISTS, 2, 23-35, B.S. in 
Metallurgy or Mining; some practical ex- 
perience necessary for one of them. In 
lieu of experience, a graduate who spe- 
cialized in ore-dressing problems would be 
acceptable for one of the jobs. Duties will 
be to conduct ore-dressing investigations 
(mainly flotation and microscopic 
examinations) in the research laboratories 
and supervising special tests in the con- 
centrators. Must be single, or single status 
till housing is available. Salaries, $2700- 
$3900 a year. Location, South America. 
Y-798. 


tests 


METALLURGISTS. (a) Metallurgist- 
Mill Foremen, experienced college gradu- 


ates. Knowledge Spanish. Three year con- 


tract. Starting salary, $5000 a year plus 
bonus and living quarters. Single pre- 
ferred; if married, single status for 6 
months. Transportation paid. (b) Junior 
Metallurgist, graduate, with some experi- 
ence in ore dressing and laboratory test 
work; single status. Standard 3 year con- 
tract; base starting salary $3000 a year 
plus bonus; knowledge Spanish desirable. 
Transportation furnished to Bolivia by air. 
Four weeks’ vacation plus free living quar- 
ters. Y-988, 


PROCESS METALLURGIST for proc- 
ess development and semi-works production 
of metals by chemical or electro-furnace 
reduction. Write stating qualifications, ex- 
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perience and salary expected. Location, 


New Jersey. Y-1646. 
RESEARCH METALLURGIST, 30-40, 


graduate, with non-ferrous smelting and re- 
fining experience, to supervise develop- 
ment of hydro-metallurgical pyrometal- 
lurgical and electrolytic refining methods. 
$4200-$4800 a year. Location, 
Y-1926. 


Salary, 
northern New Jersey. 


METALLURGIST OR METALLUR- 
GICAL ENGINEER, young, B.S. degree, 
to study metals and processes used in 
electron tube development and manufac- 
ture. Tungsten, molybdenum, _ nickel, 
nickel alloys, copper and stainless steel 
alloys are the principal metals involved. 
Principal processes are work with the join- 
ing of metals by brazing and welding tech- 
niques. Location, southern New Jersey. 
Y-2144 (a). 


TEACHING PERSONNEL in the field 
of metallurgy and metal processing. (a) 
Instructors, Doctor’s degree or New York 
State Professional Engineer’s license with 
experience in teaching and _ industry. 
Salary, $3000-$5400 a year. (b) Assistant 
Professor with Doctor’s degree or New 
York State Professional Engineer’s license 
and experience in teaching and industry. 
Salary, $3900-$6767 a year. (c) Lecturer, 
qualified to obtain Doctor's degree or 
holding a P.E. license in other states en- 
titling him to take examination in New 
York. Salary open. Location, New York, 
INS Yc 22155 


MEN AVAILABLE 


METALLURGICAL ENGINEER, B.S. 
in Metallurgical Engineering, 26, married. 
Six years’ experience including two and 
one-half years’ ferrous welding research, 
one year magnesium and aluminum pro- 
duction and sales, two and one-half years’ 
college teaching in engineering. Desires re- 
search or teaching position in East. Avail- 
able June. M-420. 


ENGINEER AND EDUCATOR, young, 
married, several years’ experience in the 
mineral industries, research, and teaching. 
Doctorate and graduate of several well 
known universities. Desires position in the 
academic field. Deanship or chairmanship 
of a department of metallurgy is preferred. 
Some teaching duties along with the ad- 
ministrative functions is desired. M-43]. 


METALLURGIST - MECHANICAL 
ENGINEER, 25, married. Mechanical 
Engineering degree, some graduate work 
in Metallurgy; 34% years’ diversified metal- 
lurgical quality control experience in in- 
tegrated steel tube plant. Seeks responsible 
metallurgical or mechanical engineering 
position, Colorado to West Coast pre- 
ferred. M-433. 
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TITANIUM DISCOVERED 


Back in 1791 an English clergyman, Wil- 
iam Gregor, who liked to stroll and think 
on the beaches of Cornwall, became curi- 
pus about the black sand he saw there. 
This gentleman of the cloth was also an 
amateur chemist and in this sand he dis- 
overed a new element. Almost coinci- 
dentally an Austrian named Heinrich 
aproth (also discoverer of uranium and 
irconium) extracted the same thing from 
tile and named it ““Titanic Earth’’ for 
he mythical Titans. Hence our name 
itanium. 

7 Thereafter titanium was found in vari- 
s places including the Ilmen Mountains 
of Russia (ilmenite) but although it is the 
ninth element in order of earthly abun- 
dance, it remained a mere laboratory 
curiosity until 1908. 


: 


. TITANIUM OXIDE 


At that time Dr. A. J. Rossi, expert in the 
reduction of metals, mixed titanium oxide 
with salad oil to make a white paint. In 
another 10 years a pure oxide was being 
produced which quickly won success as a 
ment. Paint, false teeth, face powder, 
‘es, shoes, glassware, textiles, inks, 
ics, paper consumed an increasing 
age of titanium oxide but still the 
e metal was beyond industry’s reach. 
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TITANIUM METAL & 
NATIONAL RESEARCH 


Titanium is an affectionate metal, over 
fond of oxygen and nitrogen when at high 
temperatures. Even a fraction of a per 
cent of either makes titanium of little 
value as a structural material. Until re- 
cently there was no means of preparing 
titanium metal in a form sufficiently free 
of these elements to indicate any po- 
tential commercial value. Dr. W. J. Kroll 
of the Bureau of Mines has initiated 
many of the recent developments in ti- 
tanium metallurgy by finding a means of 
preparing powdered titanium metal. 

Only by exclusion of these gases can it 
be kept from embrittling combinations 
and when Remington Arms Company, a 
Du Pont subsidiary, laid its plans to 
produce metallic titanium in cast and 
rolled shapes, they knew that at Na- 
tional Research Corporation they could 
find the knowledge of vacuum technique 
that they needed. 

The melting and casting of titanium 
was a natural for National Research. We 
planned the process, designed the equip- 
ment and installed it. Today this Na- 
tional Research Corporation pilot equip- 
ment is handling the highest quality of 
commercial metal — not much compared 
with aluminum — nothing at all com- 


pared with steel — but so promising that 
millions will be spent by the industry 
within a few years to increase the 
quantity and lower the price. 


USES OF TITANIUM METAL 


Titanium stands fourth in abundance 
among the structural metals and there 
is plenty in the U. S. A. Tremendous 
strength, light weight, and remarkable 
corrosion resistance (comparable only to 
that of the noble metals) is a unique com- 
bination. Coming at a time when long- 
sighted people are viewing our metallic 
resources with alarm, it has an assured 
future. With the price pulled down to a 
few dollars a pound or less, titanium will 
be of primary importance to manu- 
facturers of aircraft, automobiles, electric 
devices, gas turbines, superchargers, ma- 
rine hardware, rockets, optics, jewelry. 


WHAT NEXT? 


So, with the help of National Research’s 
high vacuum know-how, another ma- 
terial has been taken from the test tube 
to the factory. Where else can good men 
and ideas help — where can they help 
you? At National Research the best in 
brains, organization, equipment, and an 
unequalled accumulation of unique ex- 
perience are available. 
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